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FIRST MENSTRUATION AND SUBSEQUENT 
MENSTRUAL CYCLES OF PUBERTAL GIRLS 


BY E. T. ENGLE AND M. C. SHELESNYAK 





Department of Anatomy, College of Physicians and Surgeons, 
Columbia University 


S=VANY facts relating to the endocrine factors in puberty and 


=4\—74\| to the endocrine relationships of the menstrual cycle have 
Wes / Ll been elicited during the past few years. There has been, 
1) however, no norm of menstrual performance for the puber- 
tal girl. The present contribution offers some data on this point, and 
indicates the need for more extensive studies in the same field. 


SOURCE AND NATURE OF DATA 


The present study of the first menstruation and of subsequent 
menstrual cycles was made possible by the data on record in the Hebrew 
Orphan Asylum of New York City. The records were made accessible 
through the interest and courtesy of the executive director, Dr. L. J. 
Simmonds.* 

Records of individuals, which the institution has on file, contributed 
the following pertinent data: The date and place of birth of each person ; 
an individual medical record with a pre-institutional case-history and 
yearly examination reports during residence, and a complete menstrual 


*The authors wish to thank Dr. Raymond Franzen for assistance with the 
statistical treatment of these data. The formulae cited below were also suggested 
by Dr. Franzen. 
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record of each girl. A study of the appearance of the first menstruation 
(menarche) necessitated an accurate statement of the birth date, the 
date of onset of the first menstrual period, and, for purposes discussed 
below, the date of admission to the institution. Accurate records of 
birth were obtainable for only a portion of the cases. In some instances, 
on the various papers kept with the child’s history as many as four 
different birth dates, with as great a difference as two years, have 
been registered. To insure accuracy, all cases which had no birth 
certificates attached or no similarly authentic records were excluded 
from these studies. 

As part of the routine of the institution, girls from the age of ten 
are given special and individual instruction in sex hygiene. All girls 
are required to report to the matron or designated assistant at the onset 
of each menstrual period for sanitary napkins, and a record is made 
thereof on cards designed for that purpose. In view of the preliminary 
instructions it is believed that few, if any, first menstruations are con- 
cealed and that these records represent accurate conditions. After the 
first menstruation the records are inspected every month by the assistant 
in charge. Any child who has not reported during that month is ques- 
tioned by the nurse. If a second month elapses without a period, the 
child is referred to the physician in charge. Note of any abnormality, 
if any, is recorded in the medical history. The record is maintained 
continuously, and when the child is sent to the institution’s camp for a 
period of three to four weeks during the summer, the same record 
cards are continued. 

All cases in which errors or discrepancies of recording were sus- 
pected were excluded from the following analyses. Since in certain 
cases the second and third menstruation may follow the previous period 
by a considerable lapse of time, no case is recorded who had not resided 
in the home and under observation for six months prior to the first 
recorded menstruation. 

The medical records were examined, and led to the exclusion of those 
cases with a history of endocrine dysfunction, thyroid trouble, obesity, 
pneumonia, etc. There are no cases of suspected tuberculosis in the 
institution. As a result of such rejections, the cases in this study may 
be considered medically normal. 

Almost all the children were born in the United States; the majority 
in New York City, and of Jewish parents. A few instances may have 
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a single Jewish parent, but this does not appear on our records. The 
material, therefore, is selected from a homogeneous group. 

By the application of the above standards of selection the number 
of cases suitable for study was reduced to 250 medically normal girls 
with known and verified date of birth and of menarche, who resided 
in the home for at least six months prior to their first menstruation. In- 
cluded in this series are 100 cases who have had twenty or more men- 
strual periods. (A minimum of twenty periods was chosen arbitrarily.) 
This group of 100 individuals had a total of 3,140 menstrual cycles, and 
was studied to analyze early menstrual experience. 

The time covered represents menarches occurring over a period of 
six years, from 1926 to 1932, with the majority in the last three years. 

The term menarche (Gr. mene, month -arche, beginning) is defined 
as “the beginning of menstrual function.” As used in this study it 
means merely the first menstruation; the advent of the menses without 
implication of the establishment of a rhythmic uniformity of function. 
The expression usually employed, puberty, (L. pubertas from puber, 
adult), defined (Webster) as “the earliest age at which a person is 
capable of begetting children” is unsuitable. Laboratory and anthro- 
pologic observations provide evidence that the physiologic possibility of 
conception and subsequent delivery is extremely remote at the time of 
the first menstruation. The synonymous use of puberty and menarche 
therefore, is incorrect. Neither term should be confused with sexual 
maturity (Engle, 1931). The term puberty should be assigned to the 
undefined period during which the pituitary-gonad complex is being 
stabilized. 

It will be in keeping with current concepts of a developing organism 
if we consider puberty as the physiologic phase during which time sex 
functions and characteristics develop, under the proper hormonic 
stimuli, and during which period, in girls, the menarche occurs. The 
appearance of the secondary sex characters has been shown to take 
place in about equal proportions before and after menarche (Preisel and 
Wagner, 1930). Puberty is a developmental state during which many 
physiologic processes, somatic and sexual, occur, and menarche is but a 
single incident in the process. The two terms cannot be used inter- 
changeably. The relation of menarche to puberty is well stated by 
Preisel and Wagner: “Die Menarche muss nicht den Schlusstein der 
Pubertatsentwicklung darstellen, ist aber unter physiologischen Ver- 
haltnissen niemals ein Friihsymptom.” 
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MENARCHES OF 250 JEWISH GIRLS 


There are relatively few series of studies mentioning first menstru- 
ation in girls in which both the dates of birth and menarche are 
accurately known. For this reason many of the recorded data, particu- 
larly for the Naturvolker, are little more than an impression. 


Bolk (1923) reports a series of cases in which the year and month of the first 
menstruation are known, and a second group in which the year of life is recorded. 
Dickinson and Beam (1931), Bolk, and Gould and Gould (1932) testify to the 
inability of adults to recall the year, much less the month or day of the menarche. 


It is common experience that the testimony of clinical patients is notor- 
iously unreliable and is too often influenced by the suggestion of one 
who hurriedly records the history. 

In this series, the year, month and day of both the birth and men- 
arche are known, and the age can be calculated in years and fractions 
of a year to the day. The table of Pearl and Miner (1932) was invalu- 
able for this purpose. 

The essential data are recorded in Figure 1. The average age of 
menarche is 13.533 years, the range being from 11.044 to 16.310 years. 
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FREQUENCY DISTRIBUTION OF 250 MENARCHE AGES 


Fic. 1. FReQuency D1sTRIBUTION OF 250 MENARCHE AGES 
BY QUARTER YEARS 
Average age, 13.533 years. Extreme range, 11.044 years to 16.310 years. 
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It is noted that the spread is fairly uniform, with skewnes to the left. 
The earlier literature on age of menarche was assembled by Novak 
(1931), and will not be discussed in this place. 

There is no measure of comparison between these girls in this 
institution and others residing at home in reference to the age of men- 
arche. Boas (1932) has compared certain of the girls represented in 
this study with two non-institutional groups. He reported that 185 of 
these institutional girls averaged 0.4 of a year older at menarche than 
the non-institutional Hebrew and non-Hebrew children composing his 
study. A valid comparison within this group was made possible by the 
correlation of years of residence in the institution with age of menarche. 
The age at admission was determined, again using the table of Pearl 
and Miner, recording years and fractions to the third place. This age 
at admission was deducted from the age at menarche, giving the years 
of institutional residence prior to the first menstruation. The average 
length of pre-menarche residence in this institution was 4.0 + 2.2 years 
with a range from 6 months to 8.5 years. The coefficient of correlation 
between the menarche-age and the length of pre-menarche residence 
was found to be 0.11.2, With so small a number of cases this correla- 
tion is negligible. There is no evidence of a relation between the age at 
menarche and the number of years of institutional residence. It is, 
therefore, probable that these cases represent a cross section of con- 
ditions occurring in the same ethnic and social class in New York City. 


SEASONAL OCCURRENCE OF MENARCHE 


An analysis was made of the monthly and seasonal distribution of 
incidence of these 250 menarches. The graph in Figure 2 shows the 
actual number of menarches which occur each month of the year and 
the same data distributed by seasons. For the seasons, the winter 
months include December, January and February; spring, March, April 
and May; summer, June, July and August; and autumn, September, 
October and November. In both charts a distinct drop in the incidence 
of menarche occurring in the summer is noticed; only 18.0 per cent 


* The formula used in the calculation of coefficient of correlation was: 


xy —_ M.zMy, 
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of the menarches in these 250 cases occurred in the summer months of 
June, July and August; 25.2 per cent in the autumn months; 29.6 per 
cent in the winter and 27.2 per cent in March, April and May. 

To test the veracity of the low summer incidence halved random 
samplings of these data were plotted. The first 125 cases were distrib- 
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DISTRIBUTION OF MENARCHES BY MONTHS AND 
BY SEASONS — 


Fic. 2. Frequency DIstTRIBUTION OF OCCURRENCE OF MENARCHES 
BY MONTHS AND By SEASONS 
The figures are numbers of cases. 
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RANDOM SAMPLE (HALVED) DISTRIBUTION OF 250 MENARCHES 


Fic. 3. VERIFICATION OF THE DATA PRESENTED IN FIG. 2 
By METHODS oF RANDOM SAMPLING 


Graph on left representing the odd numbered cases (hatched) and the even 
numbered cases (unhatched). Graph on right representing the first 125 cases (case 
numbers 1-125) hatched, and the second 125 cases (case numbers 126-250) un- 
hatched. The low summer incidence is shown to be not a chance distribution. 


uted and similarly the second 125 cases (Fig. 3). In a second random 
sampling the odd numbered cases and the even numbered cases were 
plotted. It should be stated that the serial numbers were given to a case 
by chance as the cases were collected from alphabetically arranged files, 
and unsuitable cases eliminated on a basis of criteria discussed above. 
As a third method of verification, the menarches of children born 
during the winter months (Dec., Jan., Feb.) were distributed against 
the menarche dates of those born during the summer season (June, 
July, Aug.). 

The summer season is consistently low in all methods of sampling. 
Differences between the two groups were noted in the spread between 
the winter and spring seasons. These methods show that the high 
incidence of winter menarches indicated in Figure 2 is not a valid 
picture as this peak may be in either the winter or spring, depending 
on chance. Thus while the menarche incidence in winter and spring 
is considered to depend on a chance grouping either interchangeable or 
overlapping, not confirmed by three methods of random sampling, the 
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consistently low incidence of the summer occurs in each redistribution 
of data and is considered a true picture. In all groupings the autumn 
menarches also show a uniform trend, lower than the winter-spring 
divisions, but uniformly higher than the summer incidence. 

The explanation of these seasonal factors is commented upon below. 
We have satisfied ourselves that the condition is due not to a faulty 
recording of data during the summer months, but is a true expression 
of a seasonal effect on menarche. 


MENSTRUAL CYCLES 


The menstrual cycles of 100 girls have been analysed. These data 
were included in the 250 menarche series, for which at least 20 men- 
strual periods had been recorded. There was no other selection than the 
rigorous exclusion discussed above. The material was handled with 
especial care in regard to the recording of menstrual cycles during the 
summer. The child was away from the institution for a limited time, 
not exceeding four weeks, in the school camp, during the summer, but 
the entire case histories have been examined to assure the accuracy of 
recording. These cases are felt to represent the true condition with a 
minimum of artefact. 


MENSTRUAL CYCLES OF THE GROUP 


The menstrual interval was determined by counting from the first 
day of one menstruation to the day preceding but not including the first 
day of the next bleeding. There are 3,140 menstrual cycles. The 
shortest period of time is represented in the series by Case 47, who 
experienced 20 menstrual periods in 18 months. The greatest length 
of elapsed time in this series is that of Case 133 who experienced 69 
cycles over an elapsed period of 5 years and 4 months (Fig. 9). The 
frequency distribution of the 3,140 menstrual cycles is shown in Fig- 
ure 4. The range is from 7 days to 256 days with a mode at 28 days, 
and a mean of 33.9 days. The number of days most frequently occur- 
ring falls between 17 and 45 inclusive, with 2,728 cycles (86.99 per 
cent). 2.45 per cent of all cycles (77) are less than 17 days and 13.01 
per cent (335) are 46 or more days. The average standard deviation 
from the mean is + 14.28 days with an extreme range of standard 
deviations in individual cases from + 3.9 days to + 39.0 days. 
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FREQUENCY DISTRIBUTION OF 3140 MENSTRUAL INTERVALS 


Fic. 4. Frequency DisTRIBUTION OF 3,140 MENSTRUAL CyCLEs oF 100 GIRLS 


Two places, one at 238 days, the other at 256 days are omitted from the graph. 
Mean length of cycles, 33.9 + 14.28 days; modal length, 28 days; extreme range, 
7 to 256 days. 


It is of interest, in view of the traditional concept of a 28 day cycle, 
that in these 3,140 instances 28 days is the most commonly recurring 
figure, but a 28 day interval is modal in only eight of the individual 
cases. That is, in only 8 per cent of the girls studied is the mode of the 
days of the menstrual cycle at 28 days. The modes in these 100 indi- 
vidual cases may be represented by a low interval of 20 days in one case 
to one in which the individual mode is 44 days. Two cases had no 
modal figure ; no two menstrual cycles were of the same number of days 
(see Fig. 10). Thirteen of the cases had 29 day modes; Io cases, 25 
days, and 11, 27 days. 
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Thus the most frequent number of days constituting a menstrual 
cycle was 28 days when all menstrual cycles were considered but the 
most frequent number (i.e., modal) of days in the menstrual cycle of 
individual cases may be from 20 to 44 days. 

The standard deviations from the mean for the hundred cases are 
given in Figure 5.5 These figures are much higher than would be 
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Fic. 5. Frequency DIstrRIsuTION OF THE STANDARD DEVIATIONS FROM 
THE MEAN OF MENSTRUAL INTERVALS OF 100 INDIVIDUAL HISTORIES 


expected a priori, but there is no norm for comparison. Novak (1933) 
has said that “marked irregularities are common during the first few 
years after puberty” (menarche), but heretofore an exact measure 
has not been made. The data here presented may not be representative 
of conditions in a larger sample of the population or in an equal number 
of non-institutional girls. The conclusions are presented as being true 
for this group of children under the stated conditions. The menstrual 
histories of a few representative cases are presented in detail by means 
of graphic analysis. These graphs present the data of typically regular 
cases (Figs. 11, 12) and typically irregular cases (Figs. 13, 14). 

The irregularity of the cycle in medically normal adult women has 
been presented recently by King (1933) and by Edward Allen (1933). 
The latter writer gives the number of days in the cycle for six women. 


*The use of the formula o—./2* or the so-called “short method,” 
n 


o— oo —c (where ¢ is the correction factor) entails the computation 


of deviations (4). In these studies a more convenient formula c=. — M? 


where x is the actual measure and M = ae , the mean, was employed. 
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From Allen’s data (Table II, p. 707) we have calculated that in Case A 
with 25 cycles the range is from 16 to 55 days; the mean 26.4 with a 
standard deviation of + 7.44 days. Case F, 28 cycles, is similar, with a 
range of 21 to 41 days; mean 30.7 + 4.9. Allen’s data do not permit an 
extended examination but it is evident that for adults the irregularity is 
of the same nature as that presented here for the adolescent cases.* 


TREND OF VARIABILITY WITH TIME AND AGE 


The variability of menstrual cycles decreases as the menstrual life 
increases, as is shown in Figure 6. The range and the average of the 
standard deviations of those cases which have experienced 20 to 24 
menstrual cycles is greater than those which have experienced 25 to 29 
cycles, and falls steadily with increasing elapsed time since the menarche. 
The range of variability is markedly lessened with increased menstrual 
experience. 

Although the number of cases in each group is small, it may be 
concluded that a distinct trend toward menstrual regularity occurs sub- 
sequent to the experience of from 20 to 24 menstrual cycles. After 
the twenty-fourth cycle a definite progressive trend toward regularity 
is seen. 

The irregularity of the menstrual cycle is not correlated with age 
at menarche (Fig. 7). The number of cases in each menarche age 
group is small, but it is clear that in these cases the menstrual experi- 
ence, or elapsed number of cycles, is of greater importance in estab- 
lishing a trend toward normality than is the age of the individual at 
menarche. 


MENSTRUAL INTERVALS OF EXCESSIVE LENGTH 


An examination of the frequency distribution of all menstrual 
cycles (Fig. 2) reveals that some intervals are of excessive length. The 


*Since this manuscript was sent to press, an extended and careful study by 
Fluhmann (Amer. Jour. Obst. & Gyn., vol. 26, p. 642, 1933) on the length of the 
menstrual cycle in adult women has appeared. The analysis of 747 cycles shows 
a mean length of 30.4 days, with an extreme range of 11 to 144 days (97 per cent 
between 18 and 42 days). Comparison of Fluhmann’s data on adults and the 
present data on adolescents reveals a closer agreement between length of menstrual 
cycles than has beer: previously suspected. 
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Fic. 6. TREND TOWARD MENSTRUAL REGULARITY AS A FUNCTION 
OF MENSTRUAL EXPERIENCE 


The standard deviations from the mean of each case in the group are shown 
on the ordinate. The numbers of menstrual cycles experienced are represented on 
the abscissa in groups of five cycles. The curve connects the average standard 
deviation of each menstrual experience group. The graph shows clearly the 
decrease in extreme range of each group with increasing menstrual age, and a 
tendency of the average toward a less variable rhythm. 
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most frequently occurring length of the menstrual cycle is 28 days. Any 
cycle which has extended beyond the second expected period, that is, 
more than 56 days, can be considered to be an excessively long cycle, 
a temporary amenorrhea. However, a more adaptable method of 
adjusting the length of a “long” period is to employ the mean length 
and the standard deviation. 

The adopted measure of such long cycles was accepted as a figure 
representing twice the standard deviation of the total cycles added to 
the mean (33.9-+2 (11.8) =57.5). A deviation as large as this 
would occur only 228 times out of 10,000 in a normal distribution. 

Of this series of 3,140 menstrual cycles, 202 are more than 57 days 
in length. These long cycles are those in which there is a temporary 
suspension or suppression of menstrual functions. Seventy-eight of 
the 100 girls in this series experienced one or more of these long inter- 
vals. Twenty-six of these cases, slightly more than one-fourth of 
all the cases, experienced long first menstrual intervals, i.e., the cycle 
initiated by the first menstruation was over 57 days. In four cases, 
this first long cycle was the only one occurring in the menstrual history 
which was more than 57 days. Of all girls one in four will have a first 
menstrual interval over 57 days in length. Of all girls who have 
experienced a long cycle, one in three will have a first interval in excess 
of 57 days. A further examination of these long intervals reveals 
the interesting fact that they do not appear to occur at random in the 
menstrual histories, but are expressions of a seasonal influence (Fig. 8). 

Those long intervals which are initiated by a menstruation in July 
are more than twice as numerous as those occurring in any other month. 
An interval in excess of 57 days may extend beyond two months, which 
is reflected in the fewer number of long cycles which are initiated by a 
menstruation in August and September. 


The seasonal distribution (Fig. 8) of the periods which begin 
these long cycles shows that almost twice as many start in summer as 
in any other season. The causes of missed periods and temporary 
amenorrhea are many, but it is evident that factors correlated with the 
summer months have an important and hitherto unrecognized influence. 
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Fic. 8. GrapH SHOWING FREQUENCY OF TEMPORARY AMENORRHEA 
By MONTH AND SEASON 


The number of instances in each month or season is given. See text for method 
of determining a long cycle. 
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9, 10, II, 12, 13, 14. Proyection Grapnus or INprvipvaL MENSTRUAL 
Histories SHow1nG LENGTH or Each MENSTRUAL CYCLE AS 
Tuey Occur CHRONOLOGICALLY 


The frequency distribution of cycles in days is also shown. 
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DISCUSSION 


1. Seasonal Trend 


It has been shown that, for the data studied, a low percentage of 
' menarches and a high percentage of temporary amenorrheas occur 
during the summer months. The concept of a relationship between 
physiological and epidemiological occurrences and seasonal or meteoro- 
logical factors is not new. Mills and Senior (1930) have suggested 
that variations in conception rates in different localities may be corre- 
lated with climatic factors. Reed (1925) also has pointed out seasonal 
trends in birth rates in Boston and England. 

Hartman (1933) has demonstrated that in macacus monkeys, ovula- 
tion is inhibited during the summer months in his Baltimore colony. A 
single conception, which may be the exception which proves his rule, 
occurred in his colony in the summer quarter (June, July, August) ; the 
peak of ovulation incidence comes in the months of November, Decem- 
' ber and January. He also records greater irregularity of the menstrual 
cycle, an increase in amenorrhea and lessened degree of response in 
the color of the sex skin during the summer. In our own monkey 
colony the only failures in inducing ovarian activation with extract of 
the anterior pituitary gland have occurred during the summer months. 
Further analysis is being made of this point. 

There is no implication that such seasonal relationships as occur 
in monkeys should be so clearly expressed in adult women. For the 
pubertal girl, however, it was demonstrated above that for our data 
there is a marked difference in menarche incidence between the summer 
months and the remaining quarters of the year. A factor of similar 
physiological nature is seen in the increase in the number of cases of 
temporary amenorrhea during the same period. The pubertal individual 
is a physiologically unstable organism, in which slight extra-somatic 
factors may profoundly influence somatic responses, so that phenomena 
may appear here which disappear with maturity. 

In analysing the data in Figures 2 and 8, in reference to incidences 
of menarche and periods of amenorrhea it should be pointed out that 
the phenomenon of menstruation is an end result of a longer physio- 
logical process. The real causative factors must be recognized to occur 
a month or more previous. Thus if a girl menstruates in January, 
ovarian activity which has stimulated growth of the uterine mucosa has 





450 HUMAN BIOLOGY 


occurred some weeks previous to the bleeding. The menses are a 
result, probably, of the withdrawal of the stimulating action of the 
hormone of the ovarian follicle (oestrin), or of the withdrawal of the 
stabilizing hormone of the corpus luteum (progestin). When dis- 
cussing pubertal menstruation in these cases no statement can be made 
regarding the type of bleeding which has occurred. There is a strong 
probability that the bleeding during early puberty is not always from an 
endometrium prepared by a corpus luteum of ovulation. Whether it 
is a bleeding from a progravid endometrium, it is, in non-pathological 
bleeding, an end result of ovarian activity which occurred earlier. 

The pioneer work of Rowan (1931) and Bissonnette (1931) in 
demonstrating the influence of light on the genital organs of migratory 
birds, and Bissonnette’s (1932) further demonstration of the influence 
of various components of light on the breeding behavior and capacity 
of ferrets are not as yet directly applicable to the problem under dis- 
cussion. Nevertheless, they clearly indicate the necessity of a search 
for extra-somatic, recurring factors which may be responsible for the 
observations made from an analysis of our data. 


A further suggestion of Whetham (1933) may be offered. She has demon- 
strated that in all latitudes the seasonal egg production of domestic fowls is in 
general correlated with total hours of daylight. In this connection Whetham has 
suggested that the influencing factors “may be caused by change in the light 
ration rather than by the quantitative amount of light.” 


These foregoing suggestions are put forth to indicate the need for a 
more complete recording of data relating to human menstrual histories 
including subtle seasonal factors which may prove to be of biological 
interest. 


2. The Irregularity of the Menstrual Cycle 


Data accurately collected from adult women indicate that the recur- 
ring menstrual cycle is not rhythmic in a true calendar sense, but is a 
recurring phenomenon which is rhythmic within a standard deviation of 
three to seven days. With this extreme range of variability in the 
length of the menstrual cycle in normal mature women it is evident 
that the sub-adult cases here reported tend toward a “normality of vari- 
ability” with increasing menstrual experience which is, in general, com- 
parable to that of adults. With a recognition of the degree of irregu- 
larity occurring in the adult woman it may be accepted that these cases 
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represent a cross section of conditions obtaining in pubertal girls and 
are not greatly affected by factors connected with institutional living. 

The traditional lunar relationship of the menstrual cycle has come 
down to us, not only in the term menses (L. mensis, month) but also 
in the concept of a cycle regularly recurring every 28 days. Such a cycle 
may occur, as in our data, as a modal frequency, rarely as an average 
length of cycle, in a large number of individuals if the dates of menstru- 
ation are accurately recorded. 

Menstrual records of a score of mature married and single women, 
extending from one to six years, which we have meticulously recorded, 
add some evidence to that reported by King and by Allen, being en- 
tirely uniform with their findings. 

It is possible that medical case histories will eventually cease to 
report that the “patient first menstruated at the age of thirteen, men- 
struation recurring regularly every 28 days.” A more accurate state- 
ment would state in effect that the menarche occurred with the normal 
age range, and that the menstrual cycle recurred within the limits of 
normal variability. 


SUMMARY 


1. This report deals with the age at menarche of 250 girls and with 
3,140 menstrual cycles of 100 of the same group of girls. 

2. The date of birth and date of menarche are known for each case. 
Only cases with uncomplicated medical histories are included. The 
average age at menarche is 13.533 years with extreme range of 11.044 
years to 16.310 years. 

3. There is no correlation between the age at menarche and the 
length of residence within the institution. 

4. A distinct seasonal incidence in the occurrence of menarches is 
demonstrated. Only 18 per cent of the total occur during the summer 
months of June, July and August. 

5. One hundred of the girls studied had experienced from 20 to 69 
menstrual cycles, a total of 3,140, with an extreme range in days from 
7 to 256, mode at 28 and a mean of 33.9. The average standard devia- 
tion from the mean for each individual of the 100 cases is + 14.28 
days. The standard deviation from the mean of the 3,140 cycles is 
+ 11.8 days. 
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6. The variability of the earliest menstrual cycles is high, and 
decreases with menstrual age. There is no direct relationship between 
the variability of the cycle and the age at menarche. 

7. A study was made of the occurrence of temporary amenorrheas, 
All cycles over 57 days in length were studied. A menstrual interval 
greater than 57 days was the one following the initial period in 26 per 
cent of the cases. 

8. The long intervals initiated by a period in July are twice as 
numerous as those initiated in any other two months of the year. 
Periods of amenorrhea are especially frequent during the summer 
months, although they occur throughout the year. This is probably 
an expression of the same factors which account for a low incidence 
of menarches during the summer months. 
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PRELIMINARY REPORT ON THE MEASURE. 
MENT OF OSSIFICATION OF THE 
HAND AND WRIST’ 


BY PSYCHE CATTELL 





TR. PRESCOTT in his monograph entitled The Determina- 

| tion of Anatomic Age in School Children and Its Relation 

| to Mental Development? was the first to propose a measure 

yj of ossification which could be made objectively. Using 
X-ray plates from the Growth Study conducted since 1922 by Walter 
F. Dearborn, he tried out a number of methods of measurement which 
included measurements of the area of each of the carpal bones with a 
planimeter, measurements of the space between the bones to determine 
the amount of space which must still be filled before the bony develop- 
ment is complete, the measurement of the largest diameter of the bones, 
the shortest distance between the bones, and measurements of the size 
of the wrist as distinct from each bone separately. 

After considering the advantages and disadvantages of the various 
methods, he selected the sum of the widest diameter of eight carpal 
bones divided by the width of the wrist as the most practical method. 
The purpose of dividing the sum by the width of the wrist was to take 
into account the size of the individual child apart from maturity. The 
hand of a large immature child may show a larger area of bony tissue 
than that of a smaller but more mature child. For example, the hand 
shown on left of Figure 1 obviously represents a more mature hand than 
the one on the right, even though there is little difference in the actual 
amount of bony tissue, and judgment of the relative maturity of the 


*The material for this investigation was obtained from the Growth Study 
directed by Walter F. Dearborn of the Graduate School of Education of Harvard 
University (See School and Society, Vol. 18, pp. 131-135 and Vol. 20, pp. 515-518), 
with the exception of the data on infants which were obtained from the Infant 
Growth Study directed by Harold C. Stuart of the School of Public Health of 
Harvard University. 

*Harvard University Press, 1933. 
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two hands, if based on the sum of the measurements alone, would 
obviously be at fault. 


Dr. Prescott found that when two experienced workers ranked 
independently a group of X-ray plates of children of the same age 
and sex in order from the least to the most mature, a correlation co- 
efficient of .g8 existed between the two rankings, and that his objective 
measure of ossification, just described, correlated with the subjective 
judgments to the extent of .95 to over .98. All this looked promising. 
He published medians for six-months and one-year age groups. His 
norms show a regular increase from year to year up to the age of twelve 
for girls and fourteen for boys. From these data Dr. Prescott concluded 
that insofar as the development of the wrist was concerned, maturity 
was reached at twelve in girls and about two years later in boys. 

When this study came out, it was the best on the subject, and perhaps 
still is, especially for the younger children. But we believe that it can 
be improved upon with the aid of the additional material now at hand. 
Dr. Prescott did all his analytical work on first and second grade chil- 
dren and then assumed that the same measures would be equally valid 
for older children. As no repeated measurements were available at that 
time, he did not discover that the bones were still increasing in size from 
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year to year even after the age when the median anatomic index ceased 
to increase. 

It is quite possible for every one of Dr. Prescott’s nine measure- 
ments to increase in size and for the index to actually decrease. This 
is due to the fact that the denominator of the fraction, i.e., the wrist 
width, may increase in size faster than the numerator, which is the sum 
of the diameters of the eight carpal bones. The result, of course, is a 
decrease in the index, although growth is still taking place. This diffi- 
culty is not so evident in the younger children since their carpals are 
growing at a rate which assures that the annual increment of their sum 
will be greater than that of the width of the wrist. 

It is important that bone size should be taken into account in order 
to differentiate between the small relatively mature hand and the large 
immature one. But all evidence points to the conclusion that an index, 
such as Dr. Prescott’s, in which both numerator and denominator in- 
crease with age, cannot give satisfactory results. The bones are, ap- 
parently, very irregular in growth, first one bone then another growing 
more rapidly. This played havoc with each of the indices that were 
tried out. Both numerator and denominator may continue to increase 
in size, but the proportional increase varies, causing the indices to rise 
and fall. 

The first step in another attempt to get at the measurement of ossifi- 
cation was to select from the files the X-ray plates of nine feeble-minded 
girls who had had several X-ray plates taken between the ages of twelve 
and eighteen.* Every measurement for which bony landmarks could 
be found was made on each of the fifty-four X-ray plates, thirty-nine 
on each, making a total of over 2,000 measurements. Records of the 
feeble-minded instead of school children were used because at the time 
this part of the study was made, the school children for whom we had 
records of repeated examinations were still under the age of fifteen. 

It soon became evident that in the majority of cases all the wrist 
bones increase in size up to the ages of fourteen or sixteen or beyond, 
but that the increment of growth is small—very small. At the ages of 
fourteen and fifteen the increment in the majority of cases is below .5 
millimeters. This was one reason for the difficulty found in determining 
measures which showed growth. When the measures were first tried 


*Girls were used throughout this study as many had attained their full growth 
while most of the boys were still growing. 
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out on small groups of twenty cases or so, containing different individ- 
uals at each age, a few especially large or small hands were sufficient 
to cover up the fact that there was a continuous, though small, increase 
in the size of the bones during at least the greater part of the period 
of general growth. 

The small increments appear reasonable when it is remembered 
that the annual increment in total stature at the ages of thirteen and 
fourteen is, on the average, under 3 centimeters. The average height 
at thirteen is about 155 centimeters, while the average size of the 
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carpal bones is about 2 centimeters. Therefore, should the increments 
of growth of the bones of the wrist be proportional to that of the total 
stature they would average under 0.4 millimeters. A second difficulty 
has been that even with the most careful measuring an accuracy greater 
than .2 or .3 millimeters cannot be expected. It, therefore, appeared 
that the number of measurements taken should be large enough to cause 
the small random experimental errors to compensate for one another in 
the total, and to give a total annual increment large enough to be reliable 
at least through early adolescence. 

The growth curves of each of over forty measurements and combina- 
tions of measurements were plotted for each of the nine girls between 
the ages of eleven and nineteen. An examination of these curves, most 
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of which have been omitted here on account of lack of space, gives a 
good indication of which bones showed evidence of growth over the 
longest period of time and the actual measuring of the several indi- 
vidual series served as a test to determine which measurements could 
be made with sufficient accuracy throughout the period of growth. A 
number of bony landmarks that are clear in a child of eight or ten are 
later almost impossible to locate on account of the increased overlapping 
of the bones. 

A casual glance at the curves of many of the individual bones gives 
the impression that if growth is taking place it has not been measured 
accurately; note for example the curves of the separate carpal bones 
shown in Figures 2 to 6 inclusive. Figure 7, however, which shows the 
curves for the sum of the eight carpal bones indicates a marked and 
fairly regular increase with age. 

The length of the metacarpals and the breadth of the upper and 
lower epiphyses give growth curves a little more regular than those 
of the carpal bones. Those for the first metacarpal are shown in Figures 
8, 9, and 1o. Almost every measurement tried out indicated that 
growth was taking place, in the majority of girls, up to the time the 
records stopped, but, as stated above, the annual increments are so 
small that a single measurement is not sufficiently accurate to be relied 
upon. When a large number of measurements are combined, more 
reliable results are obtained. Figure 11 shows curves based on all the 
measurements tried out, with the exception of those that were clearly 
of littie value—a total of 34. 

The criteria for the selection of measurements to be included in the 
final battery were: First, that the measurements could be made objec- 
tively; second, that they were little influenced by small changes in the 
position of the hand; third, that the bones measured showed a prolonged 
period of growth; and fourth, that the combination of measurements 
should give an approximately equal weight to the short bones, the long 
bones, and the epiphysis. 

The following combination of twelve measurements appeared best 
to fulfill the above criteria: (1) the widest diameter of five of the 
carpal bones, the capitate, the triangulate, lunate, navicular and greater 
multangular; (2) the length of the first and fifth metacarpals; (3) 
the broadest width of the epiphysis of the first and fifth metacarpals ; 
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(4) the broadest width at the distal end of the first metacarpal and the 
proximal end of the fifth metacarpal shaft; (5) the widest diameter 
of the radial epiphysis. 

Figure 12 shows the nine individual growth curves for the sum of 
the twelve measurements included in the proposed battery. A com- 
parison of these curves with those in Figure 11 for the total of 34 
measurements shows that the larger number gives somewhat smoother 
growth curves, as would be expected. The 34 measurements, however, 
require a forbidding amount of time to make and include several which 
were difficult to measure, but which proved to be good after they had 
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been measured and checked with considerably more care than probably 
could be obtained in routine measuring; others are included which are 
good up to the time the epiphyses and shafts have completed their 
union, at which time the bony landmarks used as points from which 
to measure disappear. Figure 13 shows the growth curves of six 
school girls between the ages of six or seven and sixteen or seventeen, 
selected on the basis of a wide variation in size as determined by an- 
thropometric measurements, and of four infants (random selection) 
between the ages of birth and two years from the Infant Growth Study. 

The measurements not included in the suggested battery were ex- 
cluded for the following reasons : 

1. Widths and lengths of the wrist. The same field can be covered 
more accurately by the measurement of the separate bones. 

2. The amount of contacts of the shafts with the epiphyses. These 
are as good indicators of growth as any measurements made, especially 
that of the radius, but they are very difficult to measure accurately, and 
it is impossible to do so when the negative is not clear. 

3. The widths of the shafts of the radius, ulna, and metacarpals. 
These are also good, comparatively speaking, but as soon as fusion with 
the epiphyses has taken place there are no longer any landmarks from 
which objective measurements can be made. 

4. All indices. The sum of the distances of contact of the epiphyses 
with the shafts of the radius, ulna and first metacarpal divided by the 
sum of the widths of the shafts is a good example of the difficulties 
met with in dealing with indices. Both the numerator and denominator 
of the fraction show marked increase with age, but the index goes up 
and down in the most erratic fashion. (See Figures 14, 15, 16. Pres- 
cott’s index as shown in Figure 17, is but little better after the age of 
twelve. ) 

5. The width of the ulnar epiphysis. It would seem more logical 
to include this measurement, but it appears to be affected to a con- 
siderable extent by small changes in the position of the wrist. 

6. The vertical width of the radial epiphysis. This gave evidence 
of being a better indicator of growth than any other single measure- 
ment and it can be accurately made up to a certain age, but the point 
from which it must be measured completely disappears after the union 
of the epiphysis with the shaft is completed, which takes place between 
the ages of seventeen and eighteen in most girls. 
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were eliminated on account of the difficulty of obtaining accurate 
measurements in older children. The growth curves of the sum of 
the carpals were slightly improved by the exclusion of the two bones 
; most difficult to measure. 

— 8. The interosseous distances. These are markedly affected by 
union J sight changes in the position of the hand. 

tween g. The length of the shafts and the width of the upper and lower 
epiphyses of the three middle metacarpals and the hamite. All these 


dence 
isure- 








464 HUMAN BIOLOGY 


bones can be measured with reasonable accuracy, but were eliminated 
in order to reduce the time required in measuring and to give a more 
nearly equal weight to the epiphyses, the length of the long bones, and 
the short bones. 

10. The phalanges were not considered since they were not in- 
cluded on most of the X-ray plates. 


TECHNIQUE OF MEASUREMENT 


The points of measurement of the carpal bones and the length of 
the metacarpals are entirely determined by the widest diameter. The 
usual direction of these measurements is indicated in Figure 1, but the 
correct measurement is the largest that can be obtained, and if a larger 
one can be obtained by shifting the direction this should be done. The 
length of the metacarpals is the largest that can be obtained from end to 
end including the epiphysis. In infants and young children where 
the epiphysis has not yet joined the shaft the shortest distance between 
the epiphysis and the shaft is subtracted from the total length. The 
width of the epiphyses of the metacarpals in the younger children before 
they have completely joined the shaft is the widest measurement. In 
older persons where the line of demarkation between the shaft and the 
epiphysis has disappeared there is in most cases a definite prominence 
on both sides from which the measurement is taken. When this is not 
the case the measurement is the widest that can be made perpendicular 
to an imaginary line drawn through the center of the bone. The width 
of the end of the metacarpal shafts is the widest measurement per- 
pendicular to an imaginary line drawn through the center of the bone. 
The radial epiphysis is the widest measurement that can be obtained. 
In the younger children it is usually horizontal, in the older, diagonal. 

The usual time required for measuring a plate varies from two to 
ten minutes according to the age of the child and the sharpness of 


the plate. 
RELIABILITY 


For the determination of the reliability of the measurements there 
were available for study X-ray plates from forty-four school girls aged 
ten years five months to eleven years eleven months who had had two 
X-ray plates of the same hand taken on the same day. Both sets of 
films were measured independently by two of the regular Growth Study 
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measurers, and in those cases where the measurements of the two 
observers differed by more than .5 of a millimeter a third measurement 
was obtained. A checked measurement for the purposes of this study 
is the average of two independent measurements, which, if they origi- 
nally differed by more than .5 of a millimeter have been remeasured and 
that one which was in error corrected. 

The errors that could be attributed to variations within the negative 
were insignificant. They were seldom more than .2 or .3 millimeters; in 
no case did the measurement of the same bone in the two plates differ 
by as much as 2 millimeters, and in only one per cent by over I milli- 
meter. In the few cases where a difference as large as I millimeter was 
caused by a difference in the position of the hand it was found in one 
bone only, i.e., all the bones in the negative were not affected in the 


same way. 

All the twelve bones included in the battery can be measured with 
approximately equal accuracy. The median differences between the 
measurements of two observers made on the same plate and on different 
plates of the same child taken on the same day are given in Table 1. 
These small differences and the high correlation coefficients (averaging 
above .99 when misreadings are eliminated) given in Table 2 are evi- 


dence of the high reliability of the measurements. The difference 
between the correlation coefficients of the checked and the unchecked 


TABLE 2 


Reliability Coe ficients 








Checked Measurements—Different Films 


A vs. B—Same Film 
Misreadings eliminated 


A vs. B—Different Films 
Misreadings eliminated 


A vs. A—Different Films 


B vs. B—Different Films 
Misreadings eliminated 
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measurements is so small that at first sight checking appears unnecessary, 
but an error of 5 or 10 in reading the scale is so common even among 
the more careful measurers that it appears important that these errors 
should be eliminated when the measurements are to be used for the 
study of individual development. Measurer A made the 1,056 measure- 
ments without a single misreading large enough to be recognized as such. 
Measurer B, on the other hand, whose measurements were otherwise 
almost equally exact, made eleven misreadings of 10 millimeters and one 
of 5 millimeters. One misreading in a hundred measurements is per- 
haps not more than one must expect, but as 10 millimeters at the age 
when growth is beginning to slow up may be equivalent to six or more 
months of growth it is important that such errors be located and cor- 
rected when the measurements are to be used for the study of individual 
growth or diagnosis. The measurements made on the two sets of 
plates by measurerer B correlated to the extent of .953, but when those 
cases which contained misreadings of 10 mm. were eliminated the cor- 
relation rose to .992. The two sets of measurements made by A 
correlated to the extent of .gg1, and the checked measurements cor- 
related to the extent of .993. 

The average difference of the checked measurements made on dif- 
ferent plates was a little over one per cent of the measurement of each 
bone; there was no difference as great as 2 millimeters and only two as 
large as 1.5 millimeters. The median of the differences of the sums 
of the twelve selected measurements made on the two plates taken on 
the same day was 0.9 millimeters. The greatest difference in the sums 
was 3.3 millimeters, or one and one half per cent of the sum of the 
measurements. In only three cases was the difference as large as one 
per cent. 


NORMS 


Tentative norms for unselected girls are given in Table 3. But as 
stated above, these are probably of little value except for individuals of 
average size unless the amount of deviation from the norm is taken into 
account. Though no index appears to be practicable it is still evident 
that an unmodified sum of measurements does not give a satisfactory 
picture of development, since large bones are not necessarily an indica- 
tion of advanced development or small bones of retarded development. 
A large child usually has large bones, but he is not necessarily above 
average in his stage of maturity. The sum of the measurements of 
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TABLE 3 
Median and Quartile Points of Ossification Sums by Ages 





Infants 
AGE NO. MEDIAN 





1 to 14 days 35 29.8 
0-3 30 27.3 
0-6 19 44.1 
0-9 18 49.7 
I-0 4! 54-4 
1-6 21 69.5 
2-0 15 83.7 





School Children 
NO. 0: MEDIAN Os 





5-9 42 143.8 155.0 163.1 
6-6 276 151.8 165.8 175.7 
7-6 142 166.7 178.6 188.1 
8-6 152 184.6 194.2 203.1 
9-6 316 200.8 209.3 219.9 
10-6 132 214.4 225.0 238.3 
11-6 122 229.0 239.2 251.9 
12-6 182 248.3 260.0 273.1 
13-6 265 263.1 275.1 285.4 
14-6 374 271.9 281.2 290.2 
15-6 288 276.8 286.1 204.4 
16-6 165 278.4 285.9 294.2 
17-6 55 278.8 286.5 293.8 





the bones of the hand shown in B of Figure 1, for example, is slightly 
greater (183.6 mm.) than that of A (180.1 mm.) though the bones in 
A can be seen by their form and compactness to be more mature than 
those in B. It seemed possible that a size-ossification table, somewhat 
after the fashion of the height-weight tables, might be a solution and 
that anthropometric measurements might serve as an indication of size. 

Height and the diameter of the iliac are the two measurements 
available which appear to give the best indication of bony size. The 
height is consistently, on the average, approximately six times the width 
of the iliac, from birth to maturity. Table 4 gives the median height 
divided by the median iliac diameter up to the age of sixteen. 
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TABLE 4 


Ratio of Height to Iliac 


The Number of Infants Varies From 18 to 36, the Number of 
School Children From 225 to 764 





BOYS GIRLS GIRLS 





6.3 6.2 ; 5.8 

6.4 6.5 : 5.9 

5.9 5.9 ; 6.0 

6 months 5.9 5.9 ‘ 6.0 
9 months 5.9 5.9 " 6.1 
6.1 5.8 ' 6.1 

6.3 6.1 . 6.1 

6.1 6.0 . 6.1 

6.1 

6.0 

5.9 

5.9 





There are, of course, greater individual variations. Among forty- 


five twelve-year-old girls, for example, there was one child with a 
height 6.5 times the iliac and another in which the ratio was only 5.2. 

The height multiplied by the diameter of the iliac was selected as a 
measure of size, largely because it gave bony measurements in two 
dimensions and because of the constant ratio, on the average, between 
the height and the width of the iliac throughout the period of growth. 

The ages 6, 9, 12, 13, 14, 15 and 16 were selected as sample ages on 
which to demonstrate the effect of size on the amount of ossified area in 
the wrist and hand. The height of each girl was multiplied by the 
width of her iliac. Then each age group was divided into three parts 
according to the size of the height multiplied by the iliac diameter. The 
upper quarter of each age group was set aside as a group of large 
girls, the lower quarter as a group of small girls, and the middle half 
as a group of medium sized girls. The median, the upper, and the 
lower quartile points were calculated for each of the groups for each of 
the sample ages. 

The line running near the center of the upper lightly shaded area in 
Figure 18 is the median of the sums of the osseous measurements of the 
group of large girls while the boundaries of this shaded portion repre- 
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Fig.18 Ossification in Relation to Age and Size 
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sent the upper and lower quartile points. The lower lightly shaded 
portion indicates the median and the upper and lower quartile points of 
the small girls. The more heavily shaded portion in the center gives 
the same data for those who were near average in size, and the small 
crosses, the medians for all the cases without regard to size. 

Up to the age of twelve the upper quartile points of the group of 
small girls run close to the lower quartile points of the middle group 
while the upper quartile points of the middle group run near the lower 
quartile points of the group of large girls. After twelve the lower 
quartile points of the large girls tend to approach the medians of the 
middle group and about one year later the upper quartile points of 
the small girls cross the lower quartile points of the average sized 
girls and tend to approach the medians of the middle group. These data 
indicate a slowing up of growth from one to two years earlier for the 
large than for the small girls. Variation in the rate of growth will be 
analyzed further in a forthcoming study by Elmer D. West. The im- 
portant point for the present study is to note that while there is a 
tendency for the large and small girls to converge at maturity, they do 
not meet and therefore that the stage of ossification of an unusually 
large or an unusually small child cannot be judged from norms based 
on average or unselected groups of children.* 

The norms given are tentative and for girls only. Within a year or 
two norms based on adequate numbers for both boys and girls will be 
available. However, the regularity with which the curves rise with 
age makes it appear probable that the final norms for girls will not 
differ greatly from those presented here, though it appears probable 
that it will be desirable to make a finer size classification. 


*This process was repeated, using height divided by six added to the diameter 
of the iliac as a measure of size. The curves obtained are almost identical with 
those given in Figure 18. 
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ANTHROPOMETRIC STANDARDS FOR 
WORKING WOMEN* 


BY LEONA M. BAYER, M.D. AND H. GRAY, M.D. 


From the Department of Medicine, Stanford University School 
of Medicine, San Francisco 





AIMS 


=|HIS study was undertaken in order to establish a standard 

for build in normal women comparable to an average 

hospital and clinic population, so that later measurements 

== of build in disease might fairly be compared with these 
normals, Since sound standards are an indispensable prerequisite to 
the determination of the abnormal in build or in growth, it was im- 
portant to gather a group of normals in whom as nearly as possible all 


factors had been considered which could appear as variables in any dis- 
ease group which might subsequently be studied. 


MATERIAL 


Criteria for selection—Accordingly, we planned to measure 100 
women who would be homogeneous in the following respects : 


. Economic Status: working women 

. Age: 20-60 years 

. Northwest European stock 

. Health: 
(a) no history or evidence of past or present disease thought to 

be related to build, 

(b) good health in the past year, 
(c) normal menstrual history. 

. Weight : within 15 per cent of the predicted weight by the Medico- 
Actuarial tables ; and with no history of obesity at any age nor of 
large weight fluctuations. 


* We are indebted to a grant from the Rockefeller Fluid Research Fund. 
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The procedure was to inquire first concerning age, then ancestry, 
then health, and lastly to make a rough calculation of normality of 
weight on the basis of the patient’s statements of weight, height and 
age. If these preliminaries were satisfactory, the complete examination 
was undertaken. But suggestive physical signs in the course of the 
anthropometric procedures, especially the exact determinations of height 
and weight, often threw out subjects tentatively accepted. At least five 
women were interviewed for every one finally included. Slight conces- 
sions, where consideration of all factors warranted the assumption that 
they were negligible, were sometimes made, in order that the time of 
getting the group together should not be too greatly prolonged. We 
shall give, therefore, both our reasons for these five requirements and an 
analysis of what proved to be their actual interpretation. 

Economic Status.—Since financial position has a bearing on growth 
and development and probably on build, selection was made to secure 
a group similar to that of our clinic patients. This meant “working 
women,” not in the sense of being gainfully employed, but simply in the 
sense of being women who worked, whether in the home or outside of 
it. The leisure class was excluded. 

The main source of material was the “Women’s Division of the 


San Francisco Citizens’ Committee for Unemployment Relief.” Through 
the codperation of the director, Miss Winifred Pearce, it was possible 
to measure 87 women at the Committee headquarters during the months 
of April and May, 1932. The remaining women were collected: 9 from 
the various staffs of the Stanford University Hospital, and 4 from 
miscellaneous sources. 

The nature of employment was as follows: 


House, hotel, restaurant, practical nursing.... 
Commercial (mercantile and office) 
Professional and Student 

Light Trades 

Not Stated 


The marital status was: married 58, single 36, not stated 6. 


Age.—Using the exact birth date, age was calculated to years and 
months, and then rounded to the year at the nearest, not the last, birth- 
day. The limits of 20-60 were chosen so that subjects should be old 
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enough to have reached their mature build, and not so old as to have 
begun to deteriorate. Also, since certain measurements like weight and 
chest girth are known to vary with age, it was desired to have a fairly 
regular distribution over the age range. That this was in fact achieved is 
evidenced by the following age frequency distribution: 
Age 20 and 30— 40— 50— T otal 
under 30 
Frequency ... 30 30 27 13 100 
The mean age was 36.2 years + 0.70; o = 10.34 + 0.49; CV = 28.53. 


Race.—Since the racial stock of our hospital patients is predom- 
inately Northwest European, we attempted to limit these controls to the 
same stock. No Jews were included. Each subject was asked the 
birthplace of herself, father, mother, father’s father, father’s mother, 
mother’s father, mother’s mother. Where these were not known, the 
racial strain to the best of the subject’s knowledge was recorded. By 
Northwest European we mean: Northwest European countries, namely 
United States of America, Austria, British Isles, Canada, Denmark, 
France, Germany, Holland, Norway, Russia (Caucasus), Sweden; and 
by “other” we mean Bohemia, Bulgaria, Spain. The resulting birth- 
places were: 


Not 
N.W.E. Other Known Totals 


Subject 
Parents 
Grandparents II 35 


Of the 35 grandparents whose birthplaces are tabulated as “Not 
Known,” 32 were reported as of Northwest European stock, and 3 of 
Spanish stock. The racial origin, i.e., the stock of the grandparents of 
the 7 women with any admixture of blood other than Northwest Euro- 
pean, was as follows: 4 Bulgarian grandparents (subject No. 84), 4 
Polish (No. 20), 1 Bohemian (No. 68), 2 Spanish (Nos. 24, 57, 73), 
1 Spanish (No. 51). 

In summary then, it can be said that our series comprised: 


93 women of Northwest European stock, including 20 Old 
Americans (all 4 grandparents American born) and 13 first 
generation immigrants, 
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5 of Northwest European stock with an admixture of either 
one-half or one-quarter Spanish or Slavic blood, 

1 full-blooded Slav, 

1 full-blooded Pole. 


Health.—Some conditions which have no expected relation to build 
were accepted as compatible with our health requirements: tonsillec- 
tomies, appendectomies, certain other surgical episodes, bad teeth. If 
we had attempted to exclude them, it would have been surprisingly diffi- 
cult to find our normals. The operations recorded were: appendectomies 
18 (3 with salpingectomies), tonsillectomies 15, pelvic operations other 
than the above salpingectomies 3, Caesarean I, minor operations 5. 

Good health in the past year was demanded so that we might have a 
group of at least nominally “well” women. Some subjects were 
excluded for minor illnesses such as frequent colds, because these, 
though not influencing bony measurements, might possibly have affected 
girths, which interest us mainly as measures of subcutaneous tissues. 

Menstruation is so variable a phenomenon that normal has an even 
broader meaning than usual in describing it (Fluhmann). More pre- 
cisely, no one with a definitely abnormal history was included: i.e., no 
history of amenorrhea or metrorrhagia; nor of such constitutional or 
endocrine symptoms as are attributable to pelvic disease. 

The ages at menarche and at menopause were likewise recorded, 
though these statements we believe unreliable in persons whose cata- 
menia are normal. However, the questions served the purpose of 
excluding the abnormals, by whom the facts are more definitely recalled. 
The mean age of the menarche was 13.6 + 0.1 years, and among the 26 
women who were either definitely undergoing the menopause or whose 
menses had already stopped, the mean age of the climacteric was 
43.5 + 0.6 years. 


Weight—A few words may be said concerning the exclusion of 
subjects on the basis of one of the most important measures of build, 
i.e., weight. The a priori decision to limit our subjects to those falling 
within 15 per cent on either side of the Medico-Actuarial tables was 
made partly as a matter of convenience, since we propose later to in- 
vestigate the bony structure of those who deviate further than this from 
the normal; and partly because these borders have frequently been 
taken as clinical concepts of “normal weight.” These tables are based 
on measurements with clothing. The calculations for our purposes 
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were made by the following routine corrections: 2 inches were added 
to the heights taken without shoes, the predicted weight for age was 
then located on the table; 4 pounds were subtracted from this to give 
a predicted net weight with which to compare the measured net weight. 

It was on the same basis of clinical concepts that women were ex- 
cluded who had had any marked weight fluctuations. The arbitrary 
nature of minus 15 per cent as a lower limit was evidenced by the 
exclusion of three women who were between 15 and 20 per cent under- 
weight although acceptable on every other basis. The upper border of 
plus 15 per cent, however, was, when exceeded, always accompanied 
by some other suggestion of disorder. Our weight distribution, there- 
fore, represents a random sample only among a particular group which 
to the eye of the medical examiner seemed definitely normal and against 
which border line cases could later be placed. 


ANTHROPOMETRIC TECHNIQUE 


Observer.—All measurements made by the same observer (L.M.B.), 
and dictated to the same secretary. 

Clothing.—None, or light silk drawers, which were shifted as neces- 
sary. Measurements are, therefore, all net. 

Anthropological Instruments and Measurements.—The instruments 
used and measurements made were those recommended and discussed 
by Gray and Ayres in 1931, with the addition of a few circumferences. 
The measurements followed the International Agreements of Monaco 
in 1906 and of Geneva in 1912 as reported and annotated by Hrdlicka, 
together with more detailed directions in his own Anthropometry, and 
a few modifications as specified. The measurements and their symbols 
are listed in the tables of constants following. 


Circumferences.—The technique of the circumferences used is out- 
lined briefly, since these are not detailed in the book referred to. They 
were taken with linen tape, standardized from time to time against a 
metal scale. 

Trochanter (Tr).—With the subject standing with knees together, 
and feet together and parallel, the tape is placed over the pubic region, 
the trochanters and the greatest bulge of the buttocks (Martin, 1928, 
p. 169). 

Thigh (Tg).—Left, subject standing with weight on right leg. 
Measurement taken with tape horizontal at the level of the gluteal fold. 
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Calf (Cf).—Left, same position; maximum reading. 

Upper Arm (UA).—Left, arm relaxed; maximum reading below 
deltoid insertion. 

Fore Arm (FA).—Left, arm relaxed; measurement immediately 
below joint level, i.e., maximum. 

Calculated Values—From the above data were calculated on each 
subject : modules, relative measurements, and indices as indicated in the 
tables. : 

In addition to these measurements five other hand and wrist measure- 
ments and a hand contour were recorded for each subject. These will 
be worked up and reported separately. 


STATISTICAL METHODS 


Number of Subjects —Since this was a carefully selected group, the 
number of 100 is considered to reconcile fairly well the demands of 
statistical reliability with the limitations of time in practical work, as 
discussed recently at some length by Gray and Ayres. 

Calculation of Constants—The same book likewise discusses in 
detail the mechanical and technical aspects of handling the raw data, and 
the detailed procedure for the calculation of constants. 

In summary, the steps were as follows, each process being checked, 
and all being done with the help of tables or calculating machine. 

On each record sheet were calculated the modules, relative measure- 
ments and the indices. 

Original and derived measurements were transferred to two “8o 
column” punch cards for each subject. 

A frequency distribution was then made for each measurement by 
means of a sorting machine. These frequencies were then grouped in 
12 or more class intervals on frequency sheets. For each measurement 
was then calculated, directly on the sheet in space provided; mean and 
probable error, standard deviation and probable error, and coefficient 
of variation. The resulting basal data are shown on the left in two 
Tables of Constants with a deviation chart for the first (Fig. 1). This 
exhibits the constants in graphic form, with an absolute scale to permit 
plotting of the measurements as obtained on any individual, and simul- 
taneously a deviation scale to facilitate judgment of the position of the 
individual with regard to her controls. For the theory of this chart, see 
Gray and Ayres, 1931. 
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TABLE OF CONSTANTS 


Years( 20-59 ) 
NMWE. Stock 


N= 100 
Diagnoses : Normal 
Measurements: Metric & Without Clothing 


























MeasuRemeNntT Mean + PE SD + PE CV 
Weight ink. wv 61,48 49 7,27 235 11.62 
Stature inmm. s 1615.45 4.17 | 61.77 3.95 3.82 
Sitting height Si 855.05 1.97 | 29.23 1.39 3,42 
Chest Circumf. c 858,85 3,66 54.30 2.59 6,32 

Trans. T° 275.65 1.27 18.86 290 6 84 

Ant. post AP 205.90 1.24 | 18.39 88 8.93 
Module ChM 240,60 1.14 | 16.90 61 7,02 
Shoulder Biacromial | BA 355.45 292 13 .67 065 3,85 
Pelvis Bicristal BC 301,15 1,09 16.11 77 5.35 
Head Length L 186 .76 240 5.89 +28 3.15 
Breadth B 148,78 229 4.30 o2l 2,89 
Height OH 120,06 229 4,30 e2l 3.52 
Module cM 152,00 225 3.70 218 2.43 

Face Height MN 114,10 242 6.17 229 5.41 
Br BZ 133.00 229 4.24 220 3.19 
Module FM 123.87 o8f 4.02 +19 3.25 

Nose Height NH 52.20 e2l 3.10 15 5.94 
Breadth NB 33.57 216 2.41 ell 7.18 

w/S 37,94 225 3.75 1.79 9.88 

$i/S 52,99 209 1.30 206 2645 

c/s $3.15 222 3,32 1,58 6.25 

t/s 17.06 .07 | 1,10 .05 6.45 

AP/S 12.72 207 1.ll 05 8.73 

ChM/S} 14.89 07 1.00 05 6.72 

Above - named BA/S 22-02 «06 289 204 4.04 
measurements BC/s 18.65 206 294 204 5.04 
in percent of L/S 11.58 203 +49 202 4.23 
Stature B/S 9.23 203 240 202 4,33 
OH/S 7.45 202 235 02 4.70 

CM/S 9.42 902 237 002 3.93 

MN/S 7.08 203 039 202 5.51 

BZ/S 8.24 202 35 ,02 4,25 

™/S 7,68 202 229 201 3.78 

NH/S 3,23 01 2 Ol 6 ,50 

NB/S 2.07 201 016 201 7.73 

IndexChest my 714.60 235 5.21 025 6,98 
Trunkbreadth/BC 84,86 233 4.88 023 5.75 

ep c 79.70 218 2.72 13 3,41 
Facial 85,89 226 3.79 218 4.41 

. ace/Head L] 61,23 024 3.59 ol? 5.86 
Pace/Head B Z 89,47 el? 2.48 ol2 2.77 

NB, 64.63 9.10 
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TABLE 2 


TABLE OF CONSTANTS 
Ace 36.2 ‘Years( 20-59 ) N=100 


Working Women NWE. Stock Diagnoses: Normal 
Measurements: Metric & Without Clothing 





Mean + PE SD + PE 





732 15 4.81 71.37 3.40 
997 .65 3-21 47.58 2.27 
568.35 33-88 1.62 
343 .50 18.73 89 
284 85 24.35 1.16 
240.10 13.09 262 





45.75 3.97 219 
61 89 265 13 
35 23 1.92 09 
21.27 115 205 
17,67 149 207 
14,86 83 04 























COMPARISON WITH OTHER SERIES 


Observers.—In order to evaluate our constants, we have compared 
them with five other American series. Our special interest in each of 
the authors chosen was as follows: 

Draper: Hospital material of comparable social economic level, 
though a pool of disease groups. 

Hrdlicka: Age range and racial stock comparable with ours. 

Todd: Social-economic level comparable or inferior to our own, 
offering a contrast to the college and Old American groups. 

Wilder and Pfeiffer: Data on practically the same measurements 
which we used; N of 100 so that the standard deviations and probable 
errors are comparable with ours; racial stock similar. 

Steggerda et al: More recent material than Wilder and Pfeiffer, but 
otherwise so similar that a consideration of the differences in their two 
sets of means should give some practical idea of the significance of our 
differences from these and other series, aside from the conventional 
statistical judgments in such matters. 

Standardization—The results of these observers, for purposes of 
uniform comparison, required some adjustments. Those we have ven- 
tured to apply were as follows: 
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1. Measurements taken with clothing were converted to net measure- 
ments either according to the author’s directions, or where these were 
lacking, according to appropriate directions by other authors. 

2. Todd’s measurements on the dead were converted wherever his 
directions permitted, to the most probable values on the living. 

3. Measurements taken with a technique different from ours were 
converted to the most probable values with our own technique. 

4. The relative measurements and indices were calculated for all 
the absolute measurements. In some cases, for some or most of the 
measurements this had already been done. But since in every case 
we calculated a few more than were originally presented, we followed 
the general rule of recalculating all the values. This introduced differ- 
ences in that the “mean index” obtained by dividing the mean of a 
measurement by mean stature is not so correct as the mean of the 
hundred individual indices of measurement over stature. Actually the 
differences, where we had both values, were only slight, so that we used 
our calculated values throughout for the sake of uniformity. To con- 
serve space the five adjusted series are not published, but their profiles 
are plotted as described below. 

Deviation Charts—So that comparisons might be made easily we 
drew up two deviation charts. One is the deviation chart already shown, 
based on the standard deviation for the distribution of each measure- 
ment (sigma scale), and is suitable for plotting individuals against our 
means. The other chart is based on the standard error of each mean 
(*°/\/N = epsilon scale), and is suitable for plotting the means of other 
groups against our mean. The theory of the standard error deviation 
chart is that “If a quantity be normally distributed with standard devia- 
tion o, then the mean of a random sample of N such quantities is nor- 
mally distributed with standard deviation /\/N. If the difference (of an 
observed mean from any standard mean) is many times greater than 
the standard error, it is certainly significant and it is a convenient con- 
vention to take twice the standard error as the limit of significance.” 
(Fisher). 

The calculation for the standard error chart was made very simply 
from the tabulation of standard deviations, since with N = 100, the 
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HUMAN BIOLOGY 
Deviation Chart 10 Normal Women Age 20-59 
for Means -3€ -2€ -1€ M +1€ +2€ +3€ 
eight in k. fio 620 65.0 
Stature incm 5 600 " 162.0 163.0 
Sitting height Si 850 8 860 
Chest Circumf. C 845 85.0 8&5 86.0 5 r) 
Trans. T 2}72 4 i276 278 280 
Ant post. 20.2 20}4 210.6 20.8 210 
Module 236 238 240 242 2\44 
Shouider BA} 352 A 356 358 
Pelvis BC 298 300 302 304 306 
HeadLength L 1855 a 18.65 B 75 1885 
Breadth B }480 1485 14.90 14.95 15.00 
Height OH] «90 1.95 12.00) p10 
Module CM 1510 15.15 15]20 15.25 5.50 
FaceHeight MI "1.30 "1.40 "50 
Breadth BZ 1320 (325 1330 13:35 13.40 
Module FM _.sz.so 2jss 12.40 1245 1250 
NoseHeight NH 5.15 520 5 530 
Breadth NBj 330 335 340 
~ al ___ 30 75 3g0 385 390 
526 528 55}0 $32 
2 5 550 535 540 
% 168 17.0 172 
siz 124 128 13.0 
5/46 8 $5.0 
28 220 225.2 
eottinne “| 184 18.6 188 
in per cent s “45 u.50 “1.55 ".60 “1.65 11.70 
of Stature "4 obs 9.20 9.25 930 
6 735 740 7145 750 755 
s\ ; B35 940 945 950 
mo 7.010 7.05 7:10 745 
| 85 820 825 630 
"%| 760 7615 770 775 
d 38 3.20 322 324 326 | 328 
* ‘ 2.04 206 208 2.10) 
ndex Chest g 733 740 745 750] | 755 160 
Ti 635 B40 645 50 | 855 86.0 
Cephalic 790 795 605 
Facial 850 | — 06.0 86.5 870 
Face/HeadL"% 615 61.0 615 62.0 
Face/teadd apo z jas 900 
Nasal 63.0 64a 65.0 66.0 
Fic. 2. Deviation CHART FoR MEANS 
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standard error « is one-tenth of the standard deviation. The chart is 
shown in Figure 2. 

The profiles on epsilon scale, however, showed too many points off 
scale, i.e., too great differences between other series and ours, to be 
visually satisfactory. Consequently they were re-plotted on the sigma- 
scale charts, though these, it must be remembered, do not permit direct 
numerical interpretation of the differences. These profiles are shown in 
Figure 3. 

Differences Notable in Profiles—Concerning direct measurements, 
these are the more striking findings: In height our women stand above 
Todd and Draper, below Hrdlitka, Steggerda and Wilder. In weight 
they are heavier than any other group. In breadth of frame (head, face, 
chest and hips) they exceed all the other groups. 

The other groups vary not only from our series, but from each other, 
the only similar plots being the two Smith College groups, and even 
between them one notes a few extraordinary discrepancies, e.g., BC, 
OH, BZ. 

Concerning measurements relative to stature, our women are heavier 
and broader than the other groups. There is less scatter in relative 
measurements than in the absolute observations. 


Concerning indices, our group run fairly in the center of the distri- 
bution, except that the indices in which BC and BZ appear still reflect 
the large values we have for these two measurements. The index 
plots exhibit less scatter than the relative measurements, and much less 
than the absolute. 


This matter of scatter may justify the following speculation. On 
the assumption that, since these were all normal groups, the type of 
measurement which showed the greatest stability (least scatter) among 
normals would be the type which later would be the most significant for 
differences in disease groups, an analysis was made to see which 
measurements: direct, relative, or indices, would give the highest per- 
centage of agreement—i.e., the highest percentage of measurements 
which were within 2 « of our own. The results of this analysis confirm 
the impression of the profiles in making us anticipate that comparison 
of indices will be more illuminating than comparisons of absolute or 
even relative measurements. The analysis mentioned is shown below: 
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Actual Agreements in 


Type of Measurement Items Por cout. 4 Toome 
Direct and Modules .... 83 17 
Relative to Stature..... 78 27 
ee 34 41 


Explanations of Above Differences—The divergences between our 
group and the others may well be explained by re-consideration of our 
bases of selection. 


1. By selecting working women, we got a group which was more 
heavily built than the “Old Americans,” and shorter than either that or 
the college groups. 

2. By selecting a wide adult age range, we got a group which was 
naturally heavier and bigger in the chest than the college groups. 

3. By selecting for health, we got a group which was taller, better 
nourished, and more heavily built than either Draper’s or Todd’s col- 
lection, and this is to be expected. In his paper, Todd warns especially 
concerning both the pre- and postmortem factors which tend to make 
his cadavers underweight and in general narrow. 


TABLE 3 


Some Comparisons of Stature and Weight (Arranged in Order of Stature) 





GROUP N AGE S w w/s AUTHOR 





English Working Women 


Unemployed ....... 413 20-55 152.2 49.6 32.6 Cathcart et al., 1927 
ae 1,892 20-55 157.4 50.7 32.2 Cathcart et al., 1927 
Heavy Trades ..... 237 19-50 150.1 53.2 33.4 Cathcart et al., 1927 
100 Normals ...... 100 20-59 161.5 61.5 37.9 Our data 

Other Dispensary Groups 

Pres. Hospital ..... 331 «.... 4157-7 59.5 37-7 Draper, 1930 

Old Va. “Dispensary” 55 26-60 1601 ... ... Bean, 1931 

100 Normals ....... 100 20-59 161.5 61.5 37.9 Our data 


Miscellaneous American Groups 

Insured Women ....131,009 20-59 158.2 61.0 38.6 Med. Act. Mort. Inv., 1912 
100 Normals ...... 100 20-59 161.5 61.5 37.9 Our data 

Old Virginians .... 462 .... 1616 ... ... Bean, 1931 

Stanford University 1,854 .... 162.3 ... ... Mosher, 1923 
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4. By selecting for weight on the basis of the Medico-Actuarial 
tables, we may have shifted our mean to the right (heavier side) since 
calculated underweight was occasionally the only factor in exclusion. 

5. As one’s eye runs over the charts a quite reasonable explanation 
occurs for the relation of our own mean to each point of each author. 
There seems no need to go over these points individually. In general the 
differences of the present series from other series seem such as could be 
predicted on the basis of selection, and they can be reasonably enough 
explained to permit the assumption that they are differences of material 
and not of technique or calculation. Occasionally the differences of 
other authors from each other, as, for instance, Steggerda vs. Wilder 
for the items BZ, BC, and OH, suggest that other factors than selection 
may have entered into their figures. 


Some Additional Comparisons of Stature and Weight—A few 
further series giving data on height and weight, or height only, have 
been compiled in Table 3. In making this table the averages for the 
Medico-Actuarial and Cathcart data represent recalculations of only 
that portion of their material which fell within the age range of our 
own data. The insurance figures were further corrected by a sub- 
traction of 2 inches for height and 4 pounds for clothes. That the 
4 pounds weight correction is a legitimate assumption, in spite of the 
change in women’s clothing, is shown by the fact that the Medical Im- 
pairment Studies of 1929 show weights which nowhere vary more than 
3 pounds from the 1912 tables, and are usually within + 1 pound of the 
original table. So that, whatever factors may have entered in, the 
same guess for weight of clothing seems to work for the older data 
as is known by tests in our own outpatient clinic to be satisfactory for 
the present average weight of women’s clothing. 

From the table it may be seen that our group is again taller, heavier, 
and relatively heavier than the other groups, with the following ex- 
ceptions : 

1. The corrected Medico-Actuarial figures, which were the bases 
of our weight selection, give a weight/stature ratio which is the only 
one bigger than our own. 


2. The superiorly placed groups (Old Virginians and Stanford 
College women) are again taller than our women. 
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SUMMARY 


To form a normal control group, 100 working women have been 
selected who were as homogenous as possible with respect to the factors 
of economic status, age, stock, health and weight. It is thought that 
these five factors include the essential variables which will later need to 
be considered in disease groups. 

Twenty-four anthropometric measurements have been made on each 
subject, and relative measurements and indices calculated from these. 

The observations have been reduced to the usual biometric para- 
meters which are presented in tabular form. 

From these constants have been prepared a standard deviation chart 
for use in placing individuals with respect to our normals, and a 
standard error chart for plotting other means against our own. 

Five series of fairly complete anthropological measurements on 
American women have been compared with our own and also a few 
further series showing stature and weight only. 

The striking divergences between these possible standards call at- 
tention to the inherent difficulty in making a statistically crucial study 
of build in disease. It is clear that if satisfactory conclusions are ever 
to be warranted, subjects must be selected for study in whom the 
variables have been reduced as far as possible to the sole factor of the 
disease diagnosis. 
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"M,.OR many years there has been an impression, sometimes 
amounting to a conviction, that many mental disorders were 
}| conditioned by disturbances in the endocrine organs. 
(3 4) Nevertheless, although numerous contributions have ap- 
peared dealing with the biochemical and therapeutic aspects of the 
problem, there has been little concerted attack upon the anatomical 
foundation. It was with a view to determining this anatomical substrate 
that the series of biometrical studies was undertaken in 1925, and the 
assembling of the material finally completed during the past year. The 
data are now available for analysis of the relationship of the endocrine 
organs to the personality, but it is thought that a preliminary report 
upon the mass data is warranted by the paucity of controlled observa- 
tions upon the weight of these glands. This study, therefore, deals 
with the weight of the endocrine glands in relation to age, sex, race, 
body weight and stature. 

In most of the previous studies great emphasis has been laid upon 
age, and no doubt there are marked changes in the function of various 
organs with increasing age, but this appears not to be reflected in the 
weight of the endocrine organs in the later periods of life after growth 
has been accomplished. Moreover, the observations at the high extremes 
of life are so few as to leave some doubt as to the significance of the 
weight changes, when the probable errors are taken into consideration. 





5 * From Blackburn Laboratory, St. Elizabeth’s Hospital; Department of Neurol- 
ogy, George Washington University; and the Department of Biology, School of 
Hygiene and Public Health, Johns Hopkins University. 

Aided by a Grant from the Josiah Macy, Jr. Foundation. 

The biometric treatment of the data was planned and supervised by Dr. Ray- 
mond Pearl, Professor of Biology in the School of Hygiene and Public Health of 
The Johns Hopkins University, and carried out under his direction by Miss Mar- 
jorie Gooch, Associate in the Department of Neurology of George Washington 

University. 
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In a preliminary study average weights for the endocrine organs 
were calculated for individuals under 50 years and over 50 years of 
age. The basis for excluding the pathological organs was not the 
same as that used in this paper so that the relations found there are 
not directly transferable to the present study. On the whole, however, 
this preliminary study showed so little difference with age that it was 
not thought necessary to repeat the procedure here. 

While emphasizing age changes, pathologists have largely neglected 
consideration of stature and body weight, two properties of the body 
that are apparently of great significance. Some of the tables given 
below, therefore, present coefficients of correlation between these func- 
tions of the body and the mass of the endocrines. Further studies 
may be undertaken showing the amount of influence exerted by one 
endocrine organ upon another, but from preliminary studies it appears 
that very little correlation one way or the other may be expected. 


MATERIAL AND METHODS 


As described in the first paper of this series (1), several measure- 
ments are carried out upon the subject before the necropsy, and then 
each of his organs is dissected out, freed from fatty and other tissue 
as far as practicable, and then weighed and measured. The glands 
studied in this work have all been from psychotic individuals dying 
in St. Elizabeth’s Hospital, a Federal Institution. 

The study presumes to show the mass of the normal endocrine 
organs. Organs significantly abnormal either grossly or microscopically 
have been excluded from consideration. Certain observations that were 
very divergent from the rest of the measurements and therefore seemed 
to suggest an error in the record were also omitted. Their effect upon 
the means is negligible on account of their very small number. 

The raw data were transferred from the work sheets to 80-column 
statistical cards, two cards being used for each case. There was space, 
therefore, not only for identification, classification, and certain other 
clinical details, but also for the weights of the organs and for the codifi- 
cation of the lesions encountered in each of the major organs. 

It must be borne in mind that the glands of this study are not 
exactly comparable with any other series of glands because of their 
derivation from psychotic patients, geographical distribution, personal 
equation as regards accuracy in weighing or trimming, and differences 
in age distribution. 
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If any striking discrepancies appear between the weight of the 
endocrine organs in this study and in other studies, such divergencies 
should be the signal for renewed attack upon the problem in an effort 
to elucidate the reason for such differences. It may be that the key 
to progress in the understanding of mental diseases may be furnished 
by the endocrine organs. Personally, I am doubtful whether studies on 
the weight of the endocrines will be of more than negative assistance, but 
it is distinctly possible that some personality differences in individuals 
may be reflected in the size of their glands of internal secretion. 

The character of the necropsy material submitted to study is shown 
in Table 1. This study is based on 1,337 cases, of which 1,274 were 
complete for both weight and height. White males are slightly taller 
and heavier than colored males, while the reverse is true in females. 
The low average weights are rather striking, but the large number of 
aged individuals and the prevalence of wasting diseases among the 
insane probably account for this. 


EPIPHYSIS 


The epiphysis is attached to the roof of the third ventricle of the 
brain and is enmeshed in the meninges but is usually resected easily. It 
is sometimes so friable, however, that portions may be left in situ. The 
weight of the epiphysis is quite variable; the organ may be almost 
microscopic in size, but may sometimes weigh half a gram or more, and 
yet be entirely normal both grossly and microscopically. Only occasion- 
ally is a diseased organ encountered. Its fresh weight is measured with 
an accuracy of 50 or sometimes 20 mgm. The figures are given in 
Table 2. 

The figures compare very closely with those obtained by Bross (2), 
Castaldi (3), Uemura (4), although their figures are based upon 
smaller numbers (Table 3). The huge material of Berblinger (5) 
(1,288 cases) yields somewhat lower results for the epiphysis in both 
white male and white female. The above investigators have found no 
particular variation referable to age at any time from the first year 
onward. I have found no definite correlation with body weight, or with 
stature. The epiphysis in negroes is significantly smaller than in 
whites of both sexes, but in the large series of cases there is no sig- 
nificant difference between the sexes. One might well say, with 
Pastori (6) : “Pourtant, je ne saurais avancer aucune hypothése sur leur 
fonction.” 
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TABLE 3 


Weight of Epiphysis According to Various Investigators 





MALE BOTH SEXES FEMALE 








AUTHOR NUMBER me. mg. mg. MATERIAL 
RE Stancenusce 71 160 cae a 
DE eke cceare eine’ 92 183 bina a er ee 
RNS scchevsnvews - ae 156 jae hb 
Berblinger ......... 1288 154 _ SS |< waadedes 
r 663 172 ike 183 Whites 

TCCMIAM .cccccccecs 444 151 av 157 Negroes 
HYPOPHYSIS 


The hypophysis has been subjected to very extensive investigation, 
and is, perhaps, better known in its quantitative aspects than any other 
gland. It is easily removed, has a definite capsule and it is a small, 
solid organ, permitting minute examination. 

Rasmussen (7) has performed a signal service by applying the paper-weighing 
method to estimating the various fractions of the gland, and also, recently, by 
counting the various types of cells in the anterior lobe. Berblinger (8) on the 
other hand records grosser studies upon 2,442 cases (excluding pregnant women). 
Miyazaki (9), in a study of 107 Japanese, gives figures that are of interest from 
the racial standpoint in connection with my own data on Negroes. Other figures 
are given by Simmonds (10) upon 800 cases, by Petersilie (11) on 185 cases, and 
by Roessle (12) on 130 soldiers. 

Table 4 gives my own data, and in Table 5 is a comparison of these 
with those of other authors. 

Comparison of the figures in Table 5 shows reasonably close con- 
cordance with the exception of Rasmussen’s. His glands were very 
carefully prepared by dissecting off the capsule as nearly as possible, 
and it is likely that there was some desiccation during the time- 
consuming procedure. Our own figures are possibly a little high 
because the gland was not subjected to close trimming. Differences 
between the sexes and the races are outside the limits of error and 


must be of significance. 
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The enlargement of the hypophysis during pregnancy is notable, according to 
the figures of Erdheim and Stumme(13) but may be considered temporary in 
view of Rasmussen’s careful studies. Erdheim and Stumme’s figures also show 
that the hypophysis of aged parous women is distinctly larger than that of the 
nulliparous. There are few data, however, for the nulliparous in the higher age 
groups. 


There is no very great alteration in the weight of the hypophysis 
referable to age itself. A little atrophy may take place during age 
involution, but the whole change in the average weight, based upon a 
survey of the figures available, is probably less than 50 mgm. from 
youth to age. 


While Réssle states that the weight of the hypophysis is, in part, dependent 
upon the body weight, no data are elsewhere available. The correlation coefficient 
of about 0.2 between body weight and hypophysis weight is small though significant. 
The known relationship between the hypophysis and skeletal growth has suggested 
that the size of the hypophysis might be correlated with stature. Rasmussen (7a) 
finds a positive correlation of gland weight with stature, r= -+0.279 + 0.060 and 
when considering the anterior lobe alone, r—=-+0.307 + 0.059. Our figures show 
a small positive correlation, and a similar trend is shown by Roessle-Petersilie’s 
table. Petersilie in white males, and Miyazaki in Japanese have found positive 
correlation with height, but not with weight. The latter states that the hypophysis 
is larger in castrated individuals. 


The relatively large hypophysis in Negroes, and the small gland in 
Japanese raises an interesting problem in racial constitution, and this 
problem will recur in considering other endocrine organs. 


The partition of parenchymatous elements in the anterior lobe of the hypophysis 
has recently been subjected to searching scrutiny by Rasmussen (16). While he 
has found certain differences that correlate fairly well with what is known con- 
cerning the function of the hypophysis, these differences are rather less than would 
be expected by the constitutional pathologist or endocrinologist. Following his 
detailed biometrical study upon the various portions of the gland by the paper- 
weighing method he came to the following conclusions: There is moderate decrease 
of the anterior lobe after 50 years, with a corresponding increase in the posterior 
lobe and pars intermedia, but without any increase in colloid. The female hypophy- 
sis is larger than that of the male, 13 per cent in young people, 25 per cent in 
aged individuals. All of this is due to the anterior lobe, the pars nervosa being 
smaller in the female. In pregnancy, 85 per cent of the whole gland is made up of 
the anterior lobe, and this seems to increase during the later stages of pregnancy. 
There is no indication of increased activity of the pars intermedia during pregnancy. 


Rasmussen has performed cell counts on the anterior lobe of the 
hypophysis in males, and recently in females, both pregnant and non- 
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pregnant. In view of his very accurate method, his figures are more 
acceptable than those of McCartney (17), which are derived from our 
own material (Table 6). The estimation of the cellular partition in our 
cases was done upon a single horizontal section stained by hematoxylin- 


TABLE 6 
Partition of Cells in Anterior Lobe of Hypophysis 





MATERIAL, NUMBER 4ACIDOPHILES BASOPHILES CHROMOPHOBES , 1 ...5, 
per cent per cent der cent 





100 cases 36.80.52 10.90.25 52.20.54 
Non-pregnant females 94 cases 43.40.56 7.00.20 49.60.47 } Rasmussen 
Pregnant females ... 25 cases 43.41.34 6.30.51 50.11.26 


Schizoid males 17 40 
Other psychotic males 28 20 McCartney 
Schizoid females 21 27 

Non-schizoid females 20 23 





eosin, and was not made upon cell-counts, but rather upon a survey of 
the field under low power. This procedure was terminated when 
Rasmussen’s studies became available, particularly when such widely 
diverse totals were obtained. It is interesting, nevertheless, from the 
personality standpoint, to note the difference in the glands of schizo- 
phrenic, as compared with the non-schizophrenic (but psychotic) males 
in St. Elizabeth’s Hospital. This feature may be worthy of further 


investigation. 


In males, Rasmussen (7b) finds no correlation of type of cell with body length; 
men over 50 have 4 per cent more chromophobes and less acidophiles, but the 
basophiles are unchanged. In females over 50 years of age there are 4 per cent 
more chromophobes, 2 per cent more basophiles, and 6 per cent less acidophiles. 
Again there is no correlation of any type of cell with stature. Pregnancy is asso- 
ciated with general hypertrophy, but not limited to any particular type of cell; 
moreover, no “pregnancy cell” is found. Women have a distinctly higher per- 
centage of eosinophiles, while men are stronger in basophiles and chromophobes. 

Kraus and Traube (18) investigated the hypophysis from the standpoint of 
cellular constituents in 232 cases. They found the basophilic elements increased in 
sthenics, hypertensives, obese and in nephrosclerotics, while they were diminished 
in cases of tuberculosis, diabetes, amyloidosis, suprarenal deficiency, and in 
asthenic individuals. Increased basophilia was found in cases presenting large 
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suprarenals. The relationship between the basophilic cells of the hypophysis and a 
syndrome characterized by obesity, hypertension, and suprarenal enlargement, has 
recently been pointed out by Cushing (19) in a superb monograph. 


A few instances of excessive basophilia, not necessarily with ade- 
nomatous arrangement, have been found in our series, but only one case 
corresponded well with Cushing’s syndrome. Many small chromo- 
phobe adenomata were encountered when the sections were examined 
under the microscope. 


THYROID 


Increased prevalence of simple enlargement of the thyroid gland in 
certain districts and countries has long been known, and “goiter belts” 
have been mapped out with considerable precision. That the normal 
thyroid gland varies geographically in the same way has also been 
known, although the most pointed proof was supplied by Wegelin (20) 
working first in Kiel and later in Bern, and by Arndt (21) in Russia. On 
the whole, the thyroid gland is easily dissected out, and needs but slight 
trimming to obtain accurate weights. The complicated part of the 
problem is furnished by the selection of the material, since pathologic 
alterations are moderately frequent. In this study a middle course has 
been taken, lying between the inclusion of all thyroids, and the exclusion 
of all glands bearing visible nodules or cysts. Where the nodules seemed 
to result from fibrosis, without hyperplasia, or when only a few minute 
cysts or nodules were present, the gland was considered sufficiently 
normal to be included in the study. Actually, indeed, relatively few 
thyroids were thrown out on account of pathologic lesions, although 
more thyroids were excluded than any other organ studied except the 
prostate. The comparative absence of thyroid enlargement may be 
attributed to the coastal location of the City of Washington, to the 
rather advanced age of the patients, and to their long stay in the hos- 
pital. It is possible, also, that thyroid deficiency may be related in some 
way to the presence of certain of the psychoses. Table 7 gives our 
findings in regard to sex and race, weight of body and stature, while 
Table 8 compares these results with those of other investigators. 


The thyroid is somewhat smaller in women than in men, although during the 
adolescent years, Wegelin indicates, the gland may be twice as large in girls as in 
boys. His figures in 166 cases between 10 and 20 years are: Male, 16.8 gm., female, 
30.1 gm. All the figures given in this paper concern adults alone. After reaching 
adult proportions, the thyroid remains remarkably constant in average weight, 
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TABLE 8 
Weight of Adult Thyroid Gland in Different Parts of the World 





BOTH 








MALE FEMALE 
AUTHOR LOCALITY NUMBER om. = gm. MATERIAL 
Roéssle ..... .-» Germany 482 34 ai Soldiers 
PE. adixvnean Jena & Basel 811 31.1 Ro ok warren 
Wehefritz : ere = 520 es? eee 
Wegelin ...... Sree 73 21.7 * rie MOF ivisnns 
Wegelin ...... Bern. ..... 56 wi 41.6 eee sete Swi 
Moscow 18 * Se, sates chasse 
BO éncscced Minsk 830 30* = . eouakuee 
Irkutsk 43* we © stedives 
CE vin vnc Florence ... 121 19.7 ae es « -wacmlies 
Villel ‘ , 
Pp. ne ee Rio de Janeiro 20.99 eee 
Horisawa ..... Leer sia 17.5 ous 15.3 Japanese 
27.4 28.1 Whites 
ogee Chicago . { 27.4 ng: 24.6 Negroes 
‘ 644 21.7 saa 16.7 Whites 
Freeman ...... Washington. { 423 22.4 oe. 20.7 Negroes 





* Approximate. The figures are given in various age groups. 


according to Réssle’s (22) large statistics. Castaldi (23), however, indicates 
rather definite atrophy of the gland in aged individuals, and Jaffé (24) shows it for 
females, but less so for males. 


Racial differences are probably less important than was formerly 
considered. Goiter is apparently non-existent in Japan, and Rossle 
emphasizes the smallness of the glands, utilizing Horisawa’s (25) 
statistics. Data from South America, however, are more or less in line 
with these figures, and our own are not far off. Indeed, the recent 
work of Thomas (25a) in Ghent shows similar results. Little differ- 
ence is found between White and Negro races of the same locality. As 
in Germany, so also in the United States, the thyroids from up country 
are larger than are those of the sea-coast. Our aberrant figures for 
white females are not easily explained. The low average is not due to 
the inclusion of a large number of aged atrophic individuals, since the 
same discrepancy appears before the age of 50 years. 


On the other hand, even greater differences between male and female were 
found by Villela and P. de Azevedo (26) in Rio de Janeiro. 
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Jaffé looks at the thyroid through a pathologist’s glasses. After the age of 60, 
he says, two-thirds of the thyroids from white females contain nodules, and 69.3 
per cent of goiters are nodose. Diffuse colloid goiters appear early, and the nodose 
enlargements increase with age. Hellwig found goiter in 17.5 per cent of all 
necropsies at Jena (4,327 cases), while the nodose form occurred in 11 per cent. 
In Irkutsk, nodose enlargements occurred in 45 per cent of all adults (Arndt). 
Réssle finds greater correlation with distance from the coast than anything else, 
and this would accord well with Marine’s (27) ideas in regard to the relationship 
of available iodine. In our series, probably less than 5 per cent of the glands were 
discarded because of significant lesions. 


I have encountered no statistics dealing with the size of the human 
thyroid in relation to that of the body. Marine gives the figure 0.30- 
0.35 gm. per kilo body weight, and other similar simple expressions 
are found in classical tables like Vierordt’s. The coefficient of correla- 
tion between thyroid weight and body weight is considerable, in com- 
parison with that of other endocrine organs. As far as stature goes, 
there is barely enough to consider, and probably all this difference 
may be accounted for by the greater body weight of the taller indi- 
vidual. Finally, the coefficient of variation in the weight of the thyroid 
shows that this gland is rather more variable than most of the enc: 
crine organs, but distinctly less so than the thymus and the ovaries. 


Réssle found a standard deviation between 9 and 10 grams for the males, and 
slightly more for the females in his long series, and he stipulates that nodular 
thyroids were excluded. 


PARATHYROIDS 


Several problems are presented to the biometrician in the study of 
the parathyroid glands. The little bodies are variable in number and 
position, and are so small that all of them are not easily discovered in 
the course of a routine necropsy. They may be confused with small 
adjacent lymph nodes, and also with bits of aberrant thyroid tissue. 
Occasionally they lie embedded in the substance of the thyroid gland. 
Moreover, they are soft and easily torn, and it is difficult to trim away 
the fat completely without sacrificing some of the parenchyma. More- 
over, in the process of trimming and weighing, a certain amount of fluid 
evaporates, thus leaving the glands lighter than they should be. There 
is a variable amount of fat within the gland, sometimes amounting to 
50 per cent or more, and cysts sometimes occur. A research like that 
of Hammar upon the thymus, or of Rasmussen upon the hypophysis, 








ar 
is 











WEIGHT OF ENDOCRINE GLANDS 503. 


is needed for the better delineation of the anatomical characteristics of 
the gland, using cell counts and paper-weighing methods. We have 
submitted several hundred sets of glands to section and have estimated 
the amount of active glandular tissue present, but have not reached 
the stage of correlating our figures with clinical conditions. 


Danisch (28) has done the most accurate work up to the present. He noted 
the hyperplasia of the chief cells in osteoporosis, although osteoporosis was not 
constant, and also the high proportion of oxyphile cells in arteriosclerosis and 
calcifying conditions in the body. In a case of diabetes he found adenomatous 

vergrowth. Cysts may occur in myxedema. 

Kurokawa (29) concludes from a study of 240 sets of glands that in tuber- 
culosis and syphilis fibrosis is the rule, that oxyphile cells are increased in cancer 
cases and in pregnancy and that follicular formations occur in cases of sarcoma 
of bones. 


Impressions are apt to be misleading in both directions, but in addi- 
tional studies on this same material I have not been struck by the 
specificity of alterations. Certainly in three cases of Paget’s disease, 
the parathyroids were indistinguishable from normal glands, and in 
- ttain cases unusually large sets of glands, weighing as much as 

mg., have been found without definite alterations in the osseous 
system. Danisch had only 42 cases in adults, and the weights in these 
cases are not out of line with our own, as given in Table 9. Aging 
apparently produces only slight increase in the weight of the para- 
thyroid glands. 

Sexual differences in the parathyroids are absent, but there may 
be some slight racial differences. The positive correlation of the weight 
of the glands with body weight is fairly definite though small, but the 
rather notable positive correlation of weight with body length in white 
males is not borne out in the other groups. In view of the multitude 
of technical difficulties in getting an accurate weight of the para- 
thyroid glands, such small differences are probably insignificant, and 
further study by projection of serial sections is necessary to elucidate 
the function of the little bodies in terms of structure. 


THYMUS 


The thymus gland carries more uncertainty in regard to its function 
than any other endocrine, with the exception, possibly of the pineal; 
and it is more variable in size and in parenchymatous constituents than 
is any other. This applies particularly to the adult thymus, since most 
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of the cellular elements have undergone resorption and replacement by 
fat. The occasional complete preservation of the parenchyma renders 
the problem yet more difficult. 


Hammar (30) in a monumental work reporting researches of thirty years, 
came to a number of important conclusions, the chief one of which was 
that if the terminal illness from which the patient suffered were more than a day 
or two in duration, profound changes were to be expected in the gland. Further- 
more, he denied the commonly held opinion that enlargement of the thymus could 
explain the sudden unexpected deaths of so-called status thymicus, since control 
glands of individuals suffering accidental deaths were of equal size. These con- 
clusions have also been substantiated by Boyd (31) upon the large Minneapolis 
material. 


In the adult individual, even in the senile period, there may be more 
or less persistence of the lymphoid structures in the thymus gland, 
although Hassal corpuscles and division into cortex and medulla are 
seldom observed. The fat with which the gland is invested makes its 
delineation difficult. In our own studies the fat overlying the peri- 
cardium has been dissected free as far up as the innominate veins, and 
trimmed to the semblance of thymus before being weighed. In a large 
number of cases a section has been made through the body of the gland 
in order to determine roughly the percentage of active parenchymatous 
tissue present. Here again, however, the details of our own studies 
are scarcely worth quoting, since the painstaking work of Hammar, 
and its statistical elaboration by Boyd under Scammon’s direction, has 
been based upon the paper-weighing method, and upon the estimation, 
in serial sections, of Hassal’s corpuscles. In the works quoted, atten- 
tion has been focussed upon the earlier age periods, and upon the 
charts, 50 years finds equal expression with five prenatal months. The 
changes during those few months, however, are several times as great 
as those occurring during the whole of senescence. 

Preliminary studies upon the weight of the thymus showed that 
there was little difference between the averages for adults under fifty 
years, and those over fifty, although the older individuals, on the whole, 
carried larger glands. The organs were not selected, nor in this study 
was the percentage of lymphoid tissue recorded. The small difference 
is probably explained by the greater body weight in older subjects. The 
details are presented in Table 10. 

The figures range somewhat higher than do those of Boyd upon 
strictly normal cases of sudden death. Relatively few data are available 
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upon adults, the best series being that of Lowenthal (32) upon soldiers. 
All of the statistics show the trend by age groups, which makes averages 
somewhat difficult to calculate. In 160 adult cases recorded in Boyd’s 
Table 2, the average median weight was 17.0 gm. 

The tables appended in this study (Tables 10, 11, 12) indicate 
several features worthy of mention. There are no significant differ- 
ences due to sex; this has also been determined by other investigators. 


TABLE 11 
Weight of Adult Thymus Gland According to Different Investigators 








WEIGHT 
AUTHOR NUMBER om. 
Re re ee 17 9.9 
IE. siisacccctehcitmspaiibion 59 17.7 
a eh ee 90 21.4 (Soldiers) 
CD vvcansedaminsna 86 14.2 
SE TEES vccitcnnabenewes 88 12.8 (Sudden deaths) 





TABLE 12 
Weight of Thymus Parenchyma (Estimated) According to Hammar (30) 








WEIGHT OF 

AGE PARENCHYMA 
gm. 
21-25 10.05 
26-30 5.89 
31-35 4.86 
36-45 3.79 
46-55 . 1.23 
56 plus 1.0 





The higher weight in whites is significantly beyond the limits of error 
in sampling. The effect of age is much more marked in the involution 
of the parenchyma (Table 12) than it is in the change of weight of the 
whole structure. Undoubtedly this is accompanied by the increase in 
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interstitial tissue and fat. The thymus is more highly correlated with 
body weight than any other endocrine organ, reflecting once again the 
nutritional status of the body, however, rather than any innate function 
of the gland itself. On the other hand, there is no definite correlation 
with stature. The glands in this study have not been separated accord- 
ing to the duration of the last illness, a procedure adopted by Boyd and 
also originally by Friedleben (33). The figures set down are closely 
parallel, however, with those observed by other individuals who have 
selected patients succumbing rapidly (Table 11). In children, un- 
doubtedly, the selection of cases would be a more important procedure, 
since the wasting of the parenchymatous portion of the thymus is 
extremely rapid. In adults, however, the large proportion of fat makes 
the thymus behave more nearly like a fat depot. 

Certain other details of Table 10 throw light upon the behavior of 
the thymus gland. The coefficient of variation is higher for the thymus 
than for any other of the structures under consideration. Persistence 
of more than 20 per cent of the thymic parenchyma has been noted in 
a certain proportion of cases, most frequently among those suffering 
from convulsions (18 per cent). Closer study of this observation may 
yield some interesting points on constitutional variations, but I would 
not suggest that persistent thymus and convulsions have any cause and 
effect relationship. It is probable that this indicates only that death 
has occurred rather suddenly; on the other hand, it may be that a posi- 
tive water balance is associated with delayed involution of the lymphoid 
structures, as well as with convulsive seizures. 


SUPRARENALS 


The suprarenal glands are of exceptional interest to the endocrin- 
ologist, because of the manifestations of insufficiency and overactivity, 
because of their necessity for continued existence, and because of the 
recent isolation of the active principle cortin. The psychiatrist is keenly 
interested in the stimulation of the intellectual faculties and the post- 
ponement of mental fatigue following administration of cortin to suf- 
ferers from Addison’s disease. Thus far, however, the results in mental 
diseases have been disappointing. 

The pathologist is confronted with certain problems, however, that 
render rather difficult elucidation of the role of the suprarenals in 
human constitution. The suprarenals are often somewhat difficult to 
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dissect out cleanly. Their surface is folded so that a variable amount 
of fat is apt to be included with the gland, if, indeed, some of the gland 
has not actually been snipped off during the process of trimming. De- 
posits of lipoid material are common in arteriosclerosis. Atrophy of 
the suprarenals in inanition may be very considerable, and yet, with the 
lighting up of almost any infection there may be great swelling of the 
cortex and liquefaction of the inner cortical zones. 


Materna (37), for instance, found that the pairs of glands without cortical 
softening weighed 12.13 gm., while those that were softened weighed 14.48. In 
fact, in 25 accidental deaths, the same author found the average weight of both 
suprarenal glands to be 9.34 gm. Jaffé (38) is also of the opinion that individuals 
dying by accident have glands that weigh below 10 grams, while the general 
average is between 11 and 12. Rdssle (39) gives almost identical figures for cases 
of sudden death and for the general average (14.1 and 13.9 gm. respectively). 
Parhon and Zugravu (40) found average weights of about 16 grams in their 
psychotic material, very closely agreeing with my own. 


TABLE 14 
Weight of Both Suprarenal Glands (Adults) According to Different Authors 





MALE FEMALE 





AUTHOR NUMBER yy, om. MATERIAL 
Réssle and Roulet...... {2% 89 eg TTI 
ER olan Wragatnce ins 425 14.1 Burien Soldiers 
Jaffé and Sternberg.... pa 13.48 oer Soldiers 
Baeels C68) cc cccvcten 107 11.28 seat ) | dhakmewnabaseeon 

150 12.13 Both sexes 
I. ox'n aay nwa aaa | oe 8.75 9.85 Aasiteetes Geutbe 
DE se dvtsacecneeees 409 12.5 are Soldiers 
Parhon and Zugravu... 224 16.1 13.0 Insane 





The figures given in Table 13 are from my own studies, the glands 
being separated right from left. The left gland is a little heavier. 
Correlation of the weight of the glands with body weight is rather 
higher than that which occurs in the other glands (thymus excepted) 
but of the same general order. However, correlation with stature is 
quite surprisingly high, and fairly consistent in the various groups. 
The reason for this correlation is not apparent. 
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It is interesting that Schilf (41) found some correlation with body height, 
but the highest correlation was with the weight of the heart, at least as far as 
the age of 16. The stability of the suprarenals is also indicated by graphs and 
tables in Réssle, showing that during maturity there is a relatively insignificant 
deviation attributable to age alone. Indeed, the curves for suprarenals and for 
brain might almost be superimposed. 


I have seen no figures on the involution of the maternal suprarenals 
after childbirth. Geographical and other data of biometrical signifi- 
cance are largely indefinite, although Goldzieher (42) and Materna have 
covered the field as well as any. 


TESTES 


There are surprisingly few papers dealing with the weight of such 
easily accessible organs as the testes. This is particularly significant 
with regard to psychiatry, since the sex glands have been blamed for so 
many mental aberrations, and since sexual perturbations are such a 
common feature in the psychoses. 


Moreover, there are few pertinent data upon racial variations, although 
Oiye (44) in 482 Japanese men, found the weight of both testes plus epididymides 
to average 12.08 gms., about half the weight of the European glands. The figure 
of 40 to 60 grams (including epididymis) given by Jaffé and Berberich (45) is 
believed to be too high, even by Réssle, and the statistics of Leupold (46) in 86 
adults give 28.0 grams for both organs. The largest series is reported by 
Réssle (47), divided, as usual, by age groups, although there is relatively slight 
decrease in the size of the glands with increasing age. His data from soldiers 
and other typical cases of sudden death give somewhat higher figures than his 
unselected cases. For all adults, the average found by him in 623 cases is not 
far from 35.0 grams. One hundred and ninety selected cases reach 39.1 grams, 
these mostly being from soldiers killed in action, i.e., young adults in full vigor. 
There is some uncertainty in Réssle’s statistics as to the presence of the epididymis 
in his material. He particularly emphasizes the fact that Leupold’s glands were 
trimmed, although I cannot tell whether his own were. If his own figures included 
the epididymis, they are not strictly comparable with my own which were trimmed. 
Indeed, the figures of Leupold are much nearer to those given in this study. 
Fischer (47a) gives the weight of the epididymis as 3 grams. Allowing 6 extra 
grams for the sacrificed epididymides, this reunites Leupold’s and my figures with 
those of Réssle at 34-35 grams for both glands. 


My own figures are given in Table 15. 
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There is a difference of about 0.75 grams in the average weight of 
the testis between those in my series under fifty years and those over 
that age, indicating a slight loss during senescence, but this is scarcely 
significant. The rather marked difference in the size of the testes in the 
white and in the negro race was unexpected on account of the generally 
larger size of the external genitalia in the colored race. There is a 
moderate correlation with body weight, and a slight one with stature. 
The variability of the glands is about equal to that of the hypophysis. 
Other authors, mentioned by Rossle and Roulet, have emphasized the 
relation between the size of the testes and the nutritional state of the 
body, and Schilf (41) and Leupold (43) have found a positive corre- 
lation with the weight of the suprarenals. My own studies (48) have 
shown larger testes in the cycloid group than in the noncycloid. 


PROSTATE 


The prostate gland is quite variable in size, and is somewhat difficult 
to dissect out in its entirety, without leaving some adhering bits of 
bladder, urethra or seminal vesicle. Moreover, it is as frequently the 
seat of minor abnormalities as is the thyroid gland. 


The normal gland, according to Simmonds (49), who studied 500 cases, 
reaches its maximum development in the sixth decade, when it weighs 18 grams, 
then falling off about ome gram per decade. The average gland continues to 
increase in weight, however, on account of the presence of simple hypertrophy or 
of adenomatous nodules. Rdéssle (50) finds the prostate very constant at 20 grams 
from the age of 35 up to the age of 65 years, but has no definite figures after 
that date. 


My own figures are given in Table 16. They range somewhat 
higher than the averages given by other authors, although about 20 
per cent of the glands have been excluded on account of abnormalities. 
This difference is probably due to the inclusion in the statistics of many 
old men, but the figures are useful in pointing out racial differences. 
The prostate follows the testis in being significantly larger in white men 
than in Negroes. There is some correlation with body weight, but none 
with stature. 


OVARY 


Among the organs under consideration, the ovary shows the greatest 
change in weight from early maturity to senility, as shown in the curve 
plotted by Rossle and Roulet (51). The peak is reached at 11.3 gm. 
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(for the two organs) at the age of 25, sinking to 4.0 gm. at 65 years. 
In our own handling of the material, there is a significant statistical 
difference between the weight of the ovary in those under 50 years, and 
in those over that age. Included in our statistics are numerous examples 
of organs that are at most partially freed from their investing adhesive 
connective tissue, since pelvic adhesions are found in a high proportion 
of negro females. Organs with cysts have been excluded (Table 17). 


TABLE 18 
Weight of Both Ovaries According to Age (Réssle) 











o- aus AVERAGE STANDARD DEVIATION 

gm. gm, 
SR cicnses 65 7.942£0.50 4.06 
ee gI 11.30+0.46 4.44 
a 88 10.660.52 4.87 
a 85 7.520.35 3.23 
| 87 5.030.67 6.26 
re 83 4.130.57 5.22 
| 54 4.090+0.64 4.69 

TABLE 19 


Effect of Pregnancy on the Weight of the Ovaries, Thyroid and Suprarenals 





PREGNANT NON-PREGNANT 





gm. gm. 
MD awd skindccseir 13.60 8&8 

ME cainss-ce-ccbaesee 40.69 25.68 
OURO oc ncnvacecve 13.57 11.57 





The high coefficient of variation is notable, most organs being 
small, but a few reaching large size. 


In Réssle’s (52) figures the standard deviation is even higher than the mean 
(Table 18). Wehefritz’s figures (53) run slightly lower than Réssle’s for the 
same age groups but their material was much the same. Wehefritz gives (54) 
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interesting figures for the ovaries, thyroid and suprarenals in pregnant and non- 
pregnant women (Table 19). 


Our own material has so many aged individuals (only 33 white 
and 38 colored females under fifty years) that the figures are not 
strictly comparable with those of Rossle and of Wehefritz. The differ- 
ences due to race, body weight and stature are relatively insignificant. 
The ovaries in most of our patients might almost be spoken of as 
anatomic landmarks. 


UTERUS 


The uterus, like the ovary, is subject to considerable changes in 
weight during the process of maturity and senescence, although these 
are less marked than in the case of the ovary. Other factors, particu- 
larly the presence of fibroid tumors and polyps, often alter the normal 
weight of the organ, so that by the exclusion of these, the number of 
organs available for study of the normal is much reduced. Indeed, 
more than half of the uteri of the negro females have had to be elimi- 
nated because of significant pathologic lesions. In Tables 20 and 21 
are the significant data in regard to the weight of the uterus, Table 21 
being taken from Rossle and Roulet (55) much of whose material was 
elaborated a few years earlier by Wehefritz. In both tables no note has 
been made as to whether the uteri came from nulliparous females or 
from those having borne children. Pregnant uteri, however, have been 
excluded by the German investigators, and have not entered into our 
material at all. 

The larger size of the uterus in the colored race seems well estab- 
lished by the figures, although the difference might be reduced if allow- 
ance had been made for the somewhat more advanced age of the white 
females. It is also worthy of note that the negro females show a some- 
what higher average body weight than the white females, amounting 
to slightly more than two kilograms. The relatively high coefficient 
of correlation between body weight and uterus weight indicates some 
dependence of the uterus upon the nutritional state of the body, and 
these two factors, age and body weight, would therefore tend to obliter- 
ate the differences due to race alone. On the other hand, it is empha- 
sized that many of the negro females are at least half white, and again 
that the negro female averages somewhat higher in regard to the number 
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TABLE 21 


Weight of the Uterus in Relation to Age (White Females) 
From Réssle and Roulet 








om ween MEAN WEIGHT STANDARD DEVIATION 
gm. gm. 
a 68 49.262.09 17.01 
ee 67 §2.35+2.10 17.20 
. 62 58.00+ 1.66 13.09 
ee 84 51.76+1.60 14.74 
61-70...... 84 41.40+1.53 14.03 
| er 58 37.81+1.62 12.37 





of pregnancies. A study of purely racial differences in the uterus, as 
well as in other organs, is beset with difficulties, and the results are 
susceptible of different interpretations. 


SUMMARY AND CONCLUSIONS 


The endocrine system of the body is of great importance in regu- 
lating growth, metabolism, somatic activity, and possibly mental 
activity. It was with a view to determining how much this system had 
to do with mental activity, in particular with types of behavior, that the 
present study was mapped out. This paper presents the more funda- 
mental aspects of the endocrine organs, emphasizing the alterations in 
the weight due to race, sex, body weight, stature, and, to some extent, 
age. It is emphasized that significantly diseased organs have been 
excluded, but attention is also called to the difficulties both in the gather- 
ing of accurate raw data, and in the final interpretation of the results. 

With few exceptions, the gross weight of the organs investigated 
has thrown little light upon their relative activity. While correlations 
are fairly high between the body weight and the weight of certain 
organs, this probably means only that the organs share in the general 
nutrition of the body, and atrophy when the flesh falls away. Probably 
the most important conclusion from the whole study is that there is 
a moderate correlation between stature and the weight, not of the 
hypophysis, but of the suprarenals. This has been hinted at, but, as far 
as I am aware, has not been discussed at length. The pronounced 
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differences between the weights of the testes in white, Japanese and 
negro races is of considerable interest. In this instance there seems 
to be some validity to the suggestion that these differences are truly 
racial. However, the differences in the weight of certain other glands, 
notably the thyroid, would seem to be conditioned geographically rather 
than racially. 

It is emphasized that the gross weight of any gland is no indication 
of its biologic activity, and that one cannot tell what an organ can do 
merely by looking at it. Following the lead of Hammar who spent his 
life on the thymus, with a few important conclusions drawn, Rasmussen 
has subjected the pituitary body in a similar way to minute investigation 
and has drawn some important conclusions. However, even after the 
cells have been counted and the proportions of the gland measured by 
the so-called paper-weighing method, the findings still leave unanswered 
many questions that await solution. 

In defense of this method of approach to the study of mental dis- 
orders, it may be said that if statistically significant differences are 
found in the glands of men who behave differently, even though due 
allowances are made for age, sex, race, weight, and stature, then these 
differences will assume an importance far beyond the few grams, or 
milligrams even, that may separate their mean weights. 
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HE human organism conforms in varying degree to an 
/) anthropometric pattern. Tall individuals have long arms, 
| | I wide shoulders, long heads. The proportion of one dimen- 

= sion to another varies, both within a group and from group 

to group, but there are limits to the range of variation. The proportion 

of length of hand to stature, for example, is not constant, but there is a 

lower and an upper limit to the range. A similar observation applies 

to the proportion between any two dimensions. Generally speaking, 
head or body dimensions in the same direction, vertical or horizontal, 

transverse or antero-posterior, are more closely related, that is, have a 
higher positive correlation, than do dimensions in different directions. 
Thus stature is relatively highly correlated (positively) with leg length, 
arm length, hand length, and foot length; shoulder width is relatively 
highly correlated (positively) with width of hips, transverse diameter of 
arm or of leg, thoracic width, width of neck, and so on. When, however, 
two anatomic dimensions are positively correlated, it will be found that 
if one is selected as the independent variable, the other will vary with it 
in smaller proportion, though not necessarily at a decreasing rate. Thus 
if we select on the basis of head length individuals of a local group, of 
like age, sex, and race, we find that those with the absolutely widest 
heads have the relatively widest heads, and those with the absolutely 
longest heads have the relatively longest heads. That is to say, in a 
given ethnic group, head width is relatively greatest in the shortest 
heads, and relatively least in the longest heads. As we proceed, there- 
fore, from the lowest to the highest values of head length, head width 
lags, that is, becomes relatively less in terms of length. The converse 
is the case if we select head width as the independent variable. We 
then find that head length is relatively less in the widest heads, and 
relatively greater in the narrowest heads. With increase in width of 
head, length of head lags, and conversely. Such, presumably, is the case 
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with regard to most paired body dimensions, unless one dimension is a 
part of the other. The tendency for one dimension to vary with another 
is, of course, expressed in the usual coefficient of correlation (r); 1, 
however, gives no intimation of lag, much less of its degree. It seemed 
worth while, therefore, to analyze various pairs of variables from the 
point of view of anatomic lag. Our procedure was to ascertain the 
mean value of one (dependent) variable for each unit of the other 
(independent) variable, as is done in computing the » correlation ratio; 
and then to compute the average change in the dependent variable at 
each interval of the independent variable. In one series the rate of 
change was calculated by the formula, rate = difference divided by 
¥Y% the sum of the adjacent values. The amount of change can be 
expressed as the average amount for one unit increment (or decrement) 
of the independent variable. To make dimensions comparable an index 
may be used, computed in the following manner: 

Range in units of x times 100 

Mean of «#’s of range 


is divided into Range of corresponding y's times 100 | When X is a dimen- 
Mean values of extreme y's of numerator 


sion and Y is the index ( or ¥) , divide e = range of x into the range of 
y zx 


When X and Y are two dimensions, 








the corresponding y values. By reducing numerical range of dimension 
to percentage of mean or of median, the various indices of lag are com- 
parable irrespective of the size of the dimensions. Since an index is 
a percentage, its variation weights the relative variations in the respec- 
tive dimensions. The above method assumes a normal distribution and 
hence a larger number of cases than is procurable in the usual series of 
anthropometric data. When the series consists of individuals it is, 
therefore, desirable to take an average for individuals at the lower and 
upper end of the scale, respectively, partially to offset the variation in 
value due to chance. The standard deviation would be a good statistical 
measure of the range which should be included in such samples at the 
extremes of the series. Unfortunately, this would diminish the range. 
When a sufficient number of series are checked against one another, the 
errors due to chance would tend to cancel out; but such an average for 
series would hide the differences between series. When a series consists 
of individuals, we have, therefore, employed the difference between the 
lowest and highest values of independent variable, and also, as a check 
upon their reliability, have used the average of approximately the 5 
per cent at the respective extremes of the range. We shall call this latter 
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the weighted index. This index may diminish the influence of the most 
extreme individuals upon the index of lag; indeed an analysis of some 
series indicates that the amount of lag is significantly different in parts of 
the range. 


LAG IN SKULL DIMENSIONS 


The first interrelationship of dimensions tested by this method was 
that between skull length and skull breadth. We utilized three series 
of European crania for which mean glabello-occipital length had been 
computed for each interval of cranial index.t These series have the 
distribution of indices given in Table 1. 


TABLE 1 
Analysis of Series Used Below 





PER CENT PER CENT PER CENT 





GROUP DOLICHO- MESO- BRACHY- on @ 
CEPHALIC CEPHALIC CEPHALIC Ss 
_ RE er 26 67 7 2.3 
SS eee rr 7 24 69 4.8 
pr one 34 46 20 45 





The series of Table 2 shows, taken in its entirety, a lag in head 
length with increase in cranial index, that is, with increase in relative 
head width. If we use the values for the interval of cranial index 
72-80, inclusive, in which there are 9 or more skulls in each class inter- 
val, the average lag for I increment unit of cranial index is —o.88. 
This series has a comparatively small range of cranial index, and, as 
indicated in Table 1, a small standard deviation of cranial index. 

Analysis of each series into thirds of range (Table 5) fails to show 
any consistent difference in rate of lag at different points of the range, 
unless there be a tendency for rate of lag in skull length to decrease with 
higher cephalic index, that is, with short skull. In two series the rate of 
lag is significantly low in the uppermost third of cephalic index—in 
fact, head length is slightly accelerated. 


*Ruth Sawtell Wallis, “Cranial Relationships and Correlations,” Human 
Biology, Vol. 6, pp. 308-323, 1934. 
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TABLE 2 


Relation Between Skull Length and Cranial Index in Tenerife Male Skulls 
(Data of E. A. Hooton, Arranged by R. S. Wallis) 














CRANIAL _ MEAN CHANGE AT RATE OF DIFFERENCE 

INDEX ; LENGTH INTERVAL CHANGE (14 suM OF VALUES) 
70 I 187 ‘me 6), ees 
71 2 185 —-2 —1.07 
72 9 190 +5 +2.66 
73 10 187 —3 —1.59 
74 25 188 +1 +0.50 
75 34 186 —2 —1.70 
76 46 187 +1 +0.50 
77 35 185 —-2 —1.08 
78 38 184 —1 —0.54 
79 21 187 +3 +1.62 
80 14 183 —4 —2.16 
81 5 181 —2 —I.10 
82 3 180 —t —0.59 
83 I 185 +5 +2.74 

Total 245 185.3 —2 —1.81 

Average for each unit of C. I., 
and Index of lag —0.15 —0.14 
Weighted index of lag —0o.21 (for cephalic index 70, 71-82, 83). 


The exact differences appear only when the amount of change is 
expressed as a percentage of the values of the numbers which constitute 
the interval, but the above results approximate these differences. 

When the above skulls are arranged on the basis of the same range 
of cranial index the differences in lag between the three series are as 
shown in Table 6. 

Thus the rank order of lag in the three series is the same for the 
total of the respective series as for the range of cephalic index common 
to the three series. This is also the rank order of standard deviation 
of cranial index in the three series (see Table 1). The coefficient of 
correlation of skull length-skull width has the inverse rank order, being 
much higher in the Tenerife than in either of the other two series. 
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TABLE 3 


Relation Between Cranial Index and Skull Length in Merovingian Males Rela 
(Data of R. S. Wallis) 











nn SKULL CHANGE IN — 
“nn NO. LENGTH VALUE AT 
(MEAN) INTERVAL 
66 I 202 - 
67 ve 
68 2 195 Sok 
69 I 197 +2 
70 3 193 ong 
71 7 193 ie) 
72 9 194 pl 
73 8 188 oth 
74 18 190 +2 
75 9 189 —I 
76 14 187 —2 
77 9 186 —I 
78 12 184 —2 
79 7 182 --2 
80 6 183 +1 
81 3 180 —3 
82 9 182 +2 
83 4 183 +1 
84 3 179 —4 
85-89 
90 I 172 Jon 
gl I 173 +1 
92 és san 
93 I 163 
Total 130 185.6 —16 
Average lag for 1 unit of cranial index... —1.44 


Weighted index .....cccccccccccccccccece —0.64 
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TABLE 4 


Relation Between Cephalic Index and Skull Length in Greifenberg Male Skulls 
(Data from H. Shapiro, Tabulated by R. S. Wallis) 











CEPHALIC MEAN eee I 
ital NO. pweees VALUE AT 
2 INTERVAL 
71 2 200 
72 0 sea 
73 3 192 tee 
74 5 187 —§ 
75 8 186 —I 
76 7 188 +2 
77 II 185 —3 
78 13 182 —3 
79 II 180 2 
80 32 181 +1 
81 aI 182 +1 
82 29 178 —4 
83 25 178 re) 
84 37 176 —2 
85 19 174 —2 
86 22 173 1 
87 12 173 oO 
88 15 172 —I 
89 8 170 —2 
90 8 175 +3 
gI 5 171 —4 
92 3 166 —§ 
93 o oon 
> 94 3 165 
Total 299 179.0 —26 (for cephalic index 73-92) 
DS ee reer —1.37 





WOE TE kkk cis SWikcsncccenns 
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TABLE 5 


Influence of Position in the Range Upon Value of Change at Interval 
(Based on Tables 2-4) 





RANGE AND CHANGES AT INTERVAL 














GROUP First Third Second Third Last Third 

Range Value Range Value Range Value 

NEED kctacnwcswes 70-74 +1 75-78 —4 79-83 +1 

Merovingian ........ 67-76 —8 77-84 —8 85-03 +1 

Greifenberg ......... 73-79 —I2 80-86 —7 87-03 —7 
TABLE 6 


Lag of Skull Length Against Cranial Index for the Same Range of 
Cranial Index in the Above Series 





LAG OF SKULL LENGTH 








SERIES FOR RANGE OF CRANIAL 
INDEX 72-82 
0 ee —0.54 { —0.2I 
Merovingian ........... —o0.65 4 —0.64 weighted index for entire series 
I So okxeeccesss —0.93 | —0.70 
TABLE 7 


Relation Between Head Width and Cephalic (or Cranial) Index in Adult 
Males in Groups of Northwestern Europe (From Data in W. Scheidt, 
Zeitschrift fiir Morphologie und Anthropologie, 28:30, 72, 78, 40, 1930) 





AVERAGE CHANGE IN 














NO. OF CEPHALIC INDEX FOR 
REGION 
GROUPS EACH INCREMENT OF 
I MM. IN HEAD WIDTH 
Living 
I NE: i riWkoceawrecerrune 38 +0.36 
Iceland and Norway ............ 43 +0.40 
Norway (Oesterdal and 
sere 8 +0.60 
NE Sadek tawaccndsenciactes 13 +0.77 
Skulls 
fl eee eer 10 Males +0.51 


EE Sa cckucvaencavwepen 10 Females +1.03 
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We plotted cephalic index against head width in a series of New 
Guinea adult males, and found an average increase in cephalic index of 
+0.85 for each increment of Imm. in head width (range of head 
width, 127-160, of cephalic index, 71.4-84.2 for lower and upper limits 
of head width). To test lag between groups of fairly homogeneous 
population we analyzed the relation between head width and cephalic (or 
cranial) index in living males and in skulls of males, in portions of 
Northwestern Europe, with the results shown in Table 7. 


LAG ON STATURE 


A classification of 336 English males over 20 years of age (R. 
Martin, I, 331) shows an average lag of index UGA SZE of —0.05 
for each increment of I mm. in stature (head size estimated as the 
cube root of length X width X height). Thus, though absolute head 
size increases with stature, relative head size decreases, that is, lags 
behind stature, when selection is made on the basis of stature. 

A series including seven groups of German adult males and one 
group of Germans in the American army, shows an intergroup lag of 


body weight against stature. The index Body weight has an average 
re 


decrease for these groups of —o.004 for each increment of I mm. in 
stature. For the relations of other body dimensions to increases in 
stature we have computed (Table 8) the indices of lag or of accelera- 
tion in six groups of selected adult German males, consisting of 1505 
gymnasts, 1562 pugilists, 94 wrestlers, 65 boxers, and 219 actors, a total 
of 3,445. These groups are, of course, not samples of the general 
population. They were selected by Bach, whose data we utilized, pri- 
marily to show differences in body build in these respective groups. 
Presumably, therefore, they do not show the normal lag of these 
respective dimensions against stature. 

When the index _Arm_span is plotted against stature in a series of 


153 adult male Melanesians, of the Northwest Coast of New Guinea, 
there is an acceleration of span-stature index of +0.01, as shown in 
Table 9. 

In the series of Table 9 the shortest group has the lowest arm span- 
stature index, that is, the least relative arm span, and the tallest group 
has a relative arm span greater than that of the two groups, in order, 
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TABLE 8 


Lag in Selected Groups of Adult Male Germans 
(Bach, Zeitschrift fiir Konstitutionslehre, 12: 469-522, 1925-1926) 





INDEX 


LAG AGAINST 


(AVERAGE FOR 
I MM. INCREMENT 














STATURE IN STATURE) 
I a —0.06 
Stature 

Es een er Se ee —0.001 

Stature 

NN 0 8 erat hi —0.09 
Stature 

Chest circumference —0.12 

Stature 

Pelvic width 

he 0.01 
Stature + 

¥% Shoulder width + % Pelvic width ; —0.03 

Stature 

Leg length i ccccccccccccececese +0.10 
Stature 

Arm length 0.00 

~~ Stature sree e eee eee e eee eee eee ee eee eeee tad 





TABLE 9 


Relation Between Stature and Arm Span in Adult Male Melanesians 
on the Northwest Coast of New Guinea 
(From Data in Rudolf Péchs Nachlass, Serie A., II. Band, 172ff., Wien, 1930) 











MEAN MEAN CHANGE AT 
No. RANGE RANGE 
stature ARM SPAN INTERVAL 
STATURE 
5 1330-1391 1369 103.1 100.0-105.2 ee 
34 1400-1497 1456 107.5 98.9-110.4 +4.4 
67 1500-1597 1557 105.6 09.7-113.2 —I1.9 
40 1600-1686 1636 105.3 98.8-109.0 —0.3 
7 1700-1750 1718 106.6 102.8-108.1 +1.3 
Total ED écasiedetddep chbcadtdssaetacstenaanan +3.5 


Average acceleration of arm span-stature index for 1 mm. of stature 


+0.01 





-_—s:- * fi fr wR 
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below it in stature. These results may be due to chance, since there is 
a small number of cases in the shortest and tallest groups. The fairly 
high correlation between stature and arm length, which has been found 
in European groups, might easily lead to such results when small 
numbers of individuals are compared. The middle three groups, which 
include 34 or more individuals in each group, show a decrease in rela- 
tive arm span with increase in stature. For 43 individuals of the above 


group the acceleration of index Total feng of right arm against 1 mm. in- 
‘ure 


crement in stature is +0.01. There is, therefore, a trend toward rela- 
tively greater length of arm in terms of stature, from the shortest to the 
tallest groups; that is, the taller the individual, the relatively longer is 
his arm in relation to stature. The results are probably explainable by 
the fact that there is a high correlation between arm length and leg 
length, and that increase in leg length is largely responsible for increase 
in stature, with a lag in head height and in trunk length. In that case, 
arm length might increase in greater proportion than would stature, 
though, presumably, not in greater proportion than would leg length. 

For 38 individuals the intermembral index shows a close relation 
to stature, having an acceleration upon stature of +0.002. The ac- 
celeration of intermembral index upon leg length is almost the same, 
namely, +0.003. The number of cases is so small, however, and the 
intercorrelations of stature, leg length, arm length, are relatively so 
high, that no importance can be attached to these specific values. They 
indicate, however, a very small degree of lag as between these respec- 
tive dimensions. 





INTERGROUP LAG 


In order to test the lag between groups of racially homogeneous type 
from different localities, we arranged the data of Rouma on Cholo, 
Quichua, and Aymara, Indians, adult males, of the highlands of Peru. 
With the exception of one additional group in the first comparison, 
each comparison is based upon seven groups. There are 25 individuals 
in each of six groups, and 11 individuals in one group. 

The results are presented in Table ro. 

An examination of Table 10 shows that, although the number of 
individuals in the respective groups is small, the principle of lag, sotne- 
times expressed in converse form as acceleration of index, holds in 
every instance. Lag, therefore, is not merely an intragroup phenom- 
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Lag in Seven Local Groups of Adult Male Peruvian Indians 
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TABLE 10 


(Data from Rouma, Bulletin et Mémoires de la Société d’ Anthropologie 


de Bruxelles, 32: 31ff., 1913) 








RANGE FOR AVERAGE 
CORRESPOND- CHANGE 
INDEPENDENT a DEPENDENT ING VALUES FOR I UNIT 
VARIABLE VARIABLE OF INDE- OF INDE- 
PENDENT PENDENT 
VARIABLE VARIABLE 
EE GED c.nciencneeee 144-153 Cephalic index 77.3-81.7 +0.49 
Head height (auricular) 119-131 a ~~ tga 66.0-70.9 +0.41 
ex 
Head height (auricular) 119-131 a 78.6-87.5 +0.74 
index 
Bizygomatic diameter .. 136-144 Head_width 04.3-94.7 +0.07 
Face width 
Bizygomatic diameter .. 136-144 Facial index 71.3-75.7 +0.55 
Nasal height .......... 50-53 Nasal index 77.0-70.5 —2.17 
Re 1550-1637 Vital index 55.4-53.1 —0.03 
Length of arm ........ 665-712 Arm length- 32.9-44.2 +0.19 
stature index 
rarer -802 Leg length- ’ —0.01 
Leg lengt 733 prin May «el 42.9-42.3 
i i . Leg length- .9-47.2 o. 
Arm length-stature index 32.9-44.4 pro Bg ol 42.9-47 +0.38 
Trunk length ......... 487-ssq Trunk length- 397-347 +0.07 
stature index 
Width of foot 
Sa a - -37.6 —o 
Length of foot... 241-253 ge ge 42.4-37 40 
Length of foot........ a4t-253 Length of foot 15.5-15.4 —0.01 
Stature 
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enon, but, within limits, at least, an intergroup phenomenon as well. 
Especially interesting, in view of the findings with regard to New 
Guinea natives, are the interrelations between arm length, leg length, 
and stature. When length of arm is selected, stature lags slightly, 


that is, the index Arm_Tength rises ; when leg length is selected, the index 
re 


Ler_lera'® lags, though the lag is only —o.01, as compared with an 
e 
acceleration of +-0.19 for arm-stature index against arm length. When 


leg-length stature index is plotted against arm length-stature index, the 
former has an acceleration of +0.38, that is, leg length becomes a 
relatively larger component part of stature as stature decreases in rela- 
tion to arm length. 

This, again, is an instance of the high correlation between leg length 
and arm length. Conversely, when trunk length is selected, trunk 
length-stature index accelerates only -++-0.07, as compared with the above 
higher values for arm length against arm length-stature index, and of 


arm length-stature index against leg length-stature index. One notes, 
too, that the iridex Length of foot shows much less lag (—o.o1) than 
re 


does the index Width of foot’ when both are measured against incre- 
Length of foot 


ments in length of foot. 








IMPLICATIONS OF LAG FOR STATISTICAL PROCEDURE 
AND FOR COMPARATIVE STUDIES 


The presence of lag suggests that for most anthropometric work the 
linear correlation (r) is not the best measure of relationship. Where 
lag is present the » correlation formula will, presumably, show a closer 
relation between the two variables than is revealed in the r relationship. 
Since, in most biometric dimensions, X lags on Y, and Y on X, it fol- 
lows that the relation between X and Y is not linear—their perfect cor- 
relation could not be a straight line. 

The fact that most variables of biometric dimensions, when one is 
not inclusive of the other, show low r’s, is due, in part, to the fact that 
each dimension lags upon the other. Moreover, much anthropometric 
procedure is concerned with pattern, that is, with index, or proportion. 
The index, that is, the pattern, may, however, remain unchanged in a 
series and yet the r will not be 1. Thus, if xy = (sigma x) (sigma y), 
then, if x is less than or greater than y, (x + (47) ) (y+ (4y) ) will 
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not equal (sigma x) (sigma y), although the proportion between the 
respective products, + and y, remains the same. Even though the index 
remains the same, the r will change unless the deviations are the 
same absolute (rather than the same relative) amount. The r, there- 
fore, will not demonstrate to what extent the pattern, that is, the index, 
changes. When, however, the coefficients of variation of the respec- 
tive variables have the same value, the r will be a measure of the 
variability of the index, that is, of the variability of the ratio of * to v. 
Although the coefficient of variation is not contained directly in the r, 
it is, as a matter of fact, to some extent reflected in it, since in biometric 
data, the larger dimensions almost always have the larger standard 
deviations. There is, therefore, a positive correlation between the 


standard deviation of ~ and the r of XY. The standard deviation of 


the cephalic index is, for example, an indication of the value of the r of 
head width-head length.” 

The phenomenon of lag is hidden under the usual statistical descrip- 
tions of series, which utilize primarily proportions, means, and linear 
correlations. A linear correlation of a dimension with the index of 
which it is a component is, however, a measure of lag, though linear 


correlations of dimensions do not give any intimation of lag. Thus 
the lag of head length upon head width, and conversely, is indicated 
in correlations of head width and head length, respectively, with 
cephalic index. These correlations are appreciably high both within a 
group and as between groups. Each is higher, in two series tested, than 
the correlation between head length and head width, as indicated in 
Table 11. 


TABLE 11 


Correlations Between Length and Breadth of Skull, and Between Length and 
Cranial Index, and Width and Cranial Index 





LENGTH- LENGTH- BREADTH- AUTHOR- 
Cc. I. c. I, ITY 


SERIES 





59 ethnic groups . —.76 +.95 Morant 
900 Ancient Egyptian males " —.49 +.59 Pearson 
and Davin 





? See Ruth Sawtell Wallis, in Human Biology, Vol. 6, pp. 308-323, 1934. 
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The higher correlation of cephalic index with width than with 
length is largely due to the fact that a variation of the same absolute 
quantity in breadth affects the cephalic index more than that amount of 
variation in length (due to the smaller dimension of breadth). This 
difference is reflected in the higher index of acceleration of cephalic 
index against head width, as compared with the index of lag of cephalic 
index against head length. 

A similar fact probably accounts for the different values of lag at 
different points of the range. 

Our analysis of the rates of lag in three series of skulls, using head 
length and cephalic index, showed no consistent differences in rate of 
lag at different points of the series. We analyzed the rates of lag, or 
of acceleration, in the Peruvian Indian series, cited above. The total 
for all series is given in Table 12. (Total acceleration, when this char- 
acterizes a series, is treated as lag. A minus sign indicates that the 
change is in a direction contrary to that of the total of the series, whether 
this is lag or acceleration.) 


TABLE 12 


Total Lag, or Acceleration, of Index (Dependent Variable) for Each Third of 
Range in the Above Series of Peruvian Indian Groups, in Order of 
Increments of the Independent Variable 





DEPENDENT 
INDEPENDENT VARIABLE VARIABLE IST 3RD 2ND3RD 3RD 3RD 
(INDEX) 





4.0 =i 
Head height (auricular) Height-length z 0.0 1.0 
Head height (auricular) Height-width . 3.4 2.6 
Bizygomatic diameter .. Head width-face w. .. —1.2 1.5 
Bizygomatic diameter .. , 3.0 
Nasal height , 3.3 0.2 
Stature i ‘ 2.6 4.5 
Length of arm Arm-stature hs 3.0 I.I 
Arm length-stature index Leg length-stature ... —1.6 —0.1 
Leg length Leg length-stature ... ’ —2.4 1.9 
Trunk length Trunk length-stature. —0.3 EE 

Width of foot 


Length of foot . I. , 
esi nienitcets Length of foot . 54 


Length of foot 
Stature 








Length of foot 0.1 —0.1 





1.6 1.3 
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There is a predominance of lag in the first third interval of the range 
of the independent variable. Its value predominates over that of either 
of the other third intervals in 6 of 13 cases, over the second third in 8 
cases, and over the last third in 9 cases, the average value being double 
that of either of the other third intervals. Although the average lag 
in the third interval is less than that of the second, it is below the value 
of the second interval in only 6 of the 13 cases. The decreasing lag 
of index with increasing value of independent variable is probably due 
to the fact that an absolute unit of increase, such as I mm., bears a 
larger proportion to the mean of the independent variable in the lower 
values than in the higher and so tends to offset the increments of the 
dimension which is measured against it in the index which comprises 
the dependent variable. An adequate test of this point demands more 
data than we have assembled. 

In so far as lag is a biometric characteristic it must be taken into 
account in any comparative study which aims to ascertain group charac- 
teristics due to other factors. During growth, for example, there will, 
of necessity, be lag in all other dimensions plotted against the one which 
is increasing most rapidly. If the greatest rate of increase is in stature, 
any other dimension not a component of stature will lag. Thus differ- 
ences in proportions of respective dimensions to stature in various age 
groups will not be a characteristic of age groups as such, but merely a 
biometric characteristic of stature. They will be attributable specifically 
to age only when the proportions are of significantly different value 
than are associated with that value of stature at other age levels; though 
there are, of course, characteristic age proportions. 

R. S. Wallis has shown, for example, that when stature and age are 
equalized for the age period 2-6 years, the sex differences in arm-leg 
length index are almost uniformly less than when stature alone is con- 
sidered. Her data are given in Table 13. 

Thus, almost uniformly, up to the age of 6, the sex difference in this 
index is less when age and stature are equalized than when stature alone 
is equalized. Age, therefore, plays a part in determining the value of 
the index. In the case of both boys and girls, for each stature group the 
index is higher, almost uniformly, in the younger group than in the 
older group. Thus age has a differential influence. 

The general trend, however, is for the index to decrease with age. 
The younger group at a given stature level, therefore, tends to main- 
tain the infantile type of index to a greater extent than does the older 
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TABLE 13 


Arm-leg Length Index, Boys and Girls (R. S. Wallis, American Journal 
of Physical Anthropology, 16: 184-185, 1931) 





MEAN SEX DIFF. 
FOR AGE GROUPS AT 
SAME STAT. LEVEL 





86- 90 


ry) 
oo 





9I- 95 





96-100 





101-105 





106-110 


SSAIRBa [BS |wSalS8 | Number 





III-115 





116-120 





121-125 


CUA! CUAlNan |] Qua |mMaw | AW | hwWw lw | ace 


3.1 


Mean : : 2.8 








age group at that stature level, whereas the older age groups show the 
usual age trend in index in spite of lag in stature. Thus age status, at a 
given stature level, is highly correlated negatively with arm-leg length 
index. That age is, nevertheless, not the most important factor in 
determining the value of this index is shown by the fact that when 
arm-leg length index of boys and girls of the above series is compared 
by age groups the mean difference is less than when stature alone is 
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TABLE 14 


Sex Differences in Means of Arm-leg Length Index by Age Groups, and by Age 
Groups With Stature Equalized (R. S. Wallis, Op. cit., p. 182) 





DIFFERENCE 

AGE GROUP ’ ’ DIFFERENCE WHEN STATURE 
R 

IN YEARS IS EQUALIZED 





3.0 3.6 
4-5 3-4 
28 2.8 
2.4 2.8 
1.1 2.7 
1.5 27 
1.3 2.2 





2.4 2.9 





equalized for the respective groups, and is less than when stature and 
age are equalized. (Table 14.) 

Though age plays a significant part in determining the value of the 
arm-leg length index, its role as a factor of sex differentiation is not as 
potent as that of age in combination with stature, or as that of stature 
alone. The potency of age, as against age and stature, seems more 
marked in the age period 2-5 years than in the age period 6-8 years. 
The mean sex differences for age alone are the same as the mean sex 
differences for age and stature for the age period 2-5, whereas they are 
for each year group of ages 6-8 only about one-half the difference for 
age and stature combined. 

A weighting of anatomic lag is necessary in order to ascertain sex 
differences which are properly attributable to the factor of sex. It is, 
for example, commonly stated that women in a given group have a 
higher cephalic index than do males. They have, however, absolutely 
shorter heads. By virtue of the principle of anatomic lag we would, 
therefore, expect them to have relatively wider heads, that is, to have a 
higher cephalic index. In so far as cephalic index is a function of head 
length, it follows that the fundamental sex difference is in absolute 
length of head. Only when the cephalic index is significantly different 
between males and females having the same absolute head length (or 
head width) would cephalic index as such be a true sex trait as dis- 
tinguished from a mere biometric trait. Since, moreover, in each sex, 
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head length is positively correlated with stature, it follows that sheer 
difference in head length in the two sexes is not a sex trait as such, 
but merely a biometric trait. The sex significance will appear only 
when account is taken of respective statures, that is, when stature is 
equalized, or weighted.* 

Since lag applies to certain dimensions, it follows that it applies also 
to certain proportions, or indices, whether they are highly correlated 
or not. We have not tested the lag in interrelations of indices. 

That lag does not hold unqualifiedly for all parts of the body is 
indicated in the data of Table 15 on pelvic dimensions and proportions. 

In most of the above dimensions, the pelvis shows little respect for 
lag when means of group values are compared. Thus in the above 
groups breadth of os innominatum increases more rapidly than height, 


TABLE 15 


Indices of Lag, or of Acceleration, in Means of Group Values in Pelvic Dimensions 
and Indices (E. A. Hooton, Indians of Pecos Pueblo, p. 173. 
New Haven, Yale University Press, 1930) 





AVERAGE CHANGE IN 
NO. OF DIMENSION, AND INDEX FOR EACH UNIT 


INCREMENT OF 
GROUPS RANGE FOR MALES INDEPENDENT VARIABLE 


Males Females 





Height of os innom., Breadth 
right, 205.0-220 Height +0.01 +0.21 


Same, left, 205.0-221 Breadth 
Height +0.01 +0.35 


Height of sacrum, Breadth 

104.7-109.5 Height : —1.58 
Height of os innom. Height 

(pelvic), 200-220.6 Breadth , +a00 


Anterior-post. diam. Ant. post. diam. 
of pelvis, 95.56-107 Lateral diam. +1.05 








*As was pointed out many years ago by Pearl. See Raymond Pearl, “Bio- 
metrical Studies on Man, I. Variation and Correlation in Brain Weight,” 
Biometrika, 4: 13-104, 1905-1906, and Studies in Human Biology, pp. 31-32, 
Baltimore, Williams arid Wilkins, 1924. 
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in both sexes, when height is selected. Since this holds for both right 
and left ossa innominata, the type result in these groups is probably 
not due to chance. Similarly, when height of sacrum is selected, breadth 
increases faster than height in the male, though it lags considerably in 
the female. When height of os innominatum is selected, breadth, in 
each sex, lags. Lateral diameter, in brim index, is accelerated against 
antero-posterior diameter in males, but shows considerable lag in 
females. In four of the five indices females show higher values in rate 
of change in dependent variable than do males, and in two indices the 
direction of the change is reversed in the two sexes. 

In conclusion, we may observe that the application of anatomic lag 
to the determination of race differences is obvious. In so far as lag 
applies not only within a group, but also, as we have shown is some- 
times the case, between groups, when these are treated as statistical 
units, then some traits of groups are, to a degree at least, biometric 
rather than fundamentally racial. Thus most long headed peoples have 
a low cephalic index, whether they are Neanderthals, Australians, or 
Caucasoids. Again, to the extent that cephalic index is a function of 
absolute head length, it is not fundamentally racial but merely a bio- 
metric trait associated with long-headedness. And, again, to the extent 


that length of head is a function of stature, the “race” difference in 
cephalic index is essentially biometric. Anatomic lag, therefore, answers 
a few questions, and questions many answers. 
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THE CALCIFICATION OF THE FIRST COSTAL 
CARTILAGE AMONG WHITES AND NEGROES 


BY NICHOLAS MICHELSON, M.D. 
(From the Department of Anthropology, Columbia University)" 





HE following study of the calcification of the costal car- 
tilages has been confined to the upper left and right 
thoracic ribs. Roentgenograms of 5,098 healthy individ- 

] uals were examined and classified. The criterion applied 

for measuring the extent of calcification was the same as used by 
Dr. G. Ernst? in an investigation dealing with the process of calcifica- 
tion in all the costal cartilages. In order to obtain a picture of the 
rhythm with which calcification progresses with the increase of age, a 
somewhat arbitrary method has been used which makes it possible to 
express the physiologic process by means of numerical values. The 
amount of calcification has been defined as: “None,” “Minimal,” 
“Medium” and “Maximal.” 

I. No calcification—If there is no calcification present the film 
shows a gap between the anterior extremity of the rib and the sternum, 
since the cartilage which lacks ossification does not cast a shadow on 
the plate. 

II. Minimal calcification——In beginning calcification a discrete oval 
surrounds the region corresponding to the junction of the rib with the 
cartilage (Kohler).* From this concentric segment the calcification 
then proceeds towards the sternum. This being the rule, the mode of 
beginning calcification may be subdivided into the following twelve 
types which may either occur symmetrically or asymmetrically ; that is 
to say in some individuals the amount and form of the calcific deposits 
may be equal on the left and right sides, and in other persons all the 


* Investigation carried on under the auspices of the Council for Social Research. 

*G. Ernst. Fortschr. a. d. Geb. d. Rintgenstrahlen, 39: 485-494. March, 1920. 

* Alban Kohler. Grenzen des Normalen und Anfange des Pathologischen im 
R6ntgenbilde, 6th ed. (1931), p. 206. 
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possible combinations may be seen right and left. Thus under the 
heading “Minimal Calcification” have been classed: (1) an oval; (2) 
an oval with a horizontal spur or line extending from the rib’s lower 
border; (3) a vertically serrated or serpentine termination of the rib; 
(4) a horizontal spur or line at the lower edge without a discernible 
oval; (5) an oval with horizontal lines or spurs at the lower and 
upper edges; (6) a compact segment at the costal termination; (7) a 
horizontal spur or line extending from the upper edge; (8) a compact 
segment with horizontal spurs or lines at the upper and lower edges; 
(9) an oval with a spur or line at the upper border; (10) a compact 
segment with horizontally arranged shells at the lower border; (11) 
horizontal lines or spurs at upper and lower borders; and finally, (12) 
any of the enumerated types on one side and no calcification on the 
opposite costal cartilage. The line engravings correspond to the photo- 
graphic-reproductions with the corresponding numbers. The figures 
representing the various types are indicated in Table 1. (Table 1, 
Plates and Figs. 1 and 2.) 

III. Medium calcification For a condition in which the progress 
of calcification of the cartilage is more marked and almost reaches the 
sternum or does reach the sternum on either the upper or lower border 
while being still minimal on the opposite side, the term “medium calci- 
fication” has been employed. 

IV. Maximum calcification Calcifications causing a dense con- 
tinuity from the rib to the sternum have been assigned to the final group, 
the “maximal” calcification. 

In order to ascertain whether different examiners would agree on the 
classification of the same plates, Dr. Ernst P. Boas and myself grouped 
a series of about 200 plates independently and comparison of the data 
showed that they coincided, excepting for a few border line cases. An- 
other series of 500 plates was scrutinized in a preliminary study together 
by Dr. H. T. Pessar and myself ; again we were in complete agreement 
regarding the nomenclature to be adopted for the manner and degree 
of calcification. 

In order to avoid any kind of bias, the age and race of the indi- 
vidual whose Roentgenogram was studied were extracted from the 
files after the classification had been completed. 

The habitus of the chest could not be taken into account. Two main 
racial groups were studied: Whites and Colored. Porto Ricans, who 
were nearer to the Whites than to the Colored, were included in a 
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TABLE 1 
Types of the Beginning Calcification of the First Costal Cartilage 
2% 
ASYMMETRIC oy & 
TYPE CALCIFICATION & 3 § ro 
Right Left - ie 2 ILLUSTRATION 
2 3 
nm Om 
Bo) MERE ca diva acetilanececopud acca aeesial 29 16 57 Fig. 2—7 right 
2. Oval with spur or line at 
a ete eee 5 II 38 Fig. 2—10 right 
3. Corroded or sharp serpentine 
WE Ss civ dare Gach win eenlenohoselans 5 3 4 Fig. 2—10 left 
4. Spur or line at lower edge..... 6 7 4 Fig. 1—6 right 
5- Oval with spur or line at upper 
ee ue Serer o oO 3 Fig. I—5 
errr err 6 II I Fig. 2—7 right 
mm Tipper oper OF Mie... coc secccces o I I Fig. I—4 
8. Compact mass with spur or line 
at upper and lower edges...... o I oO Fig. 2—11 right 
9. Oval with spur or line at upper 
GO aeitics wes ccbeesaaetiasceue I o 2 Fig. 2—9 right 
10. Compact mass with flakes at 
Se eer I I oO Fig. 1—2 
11. Line or spur at upper and lower 
CUE 6 os as wkcdacade cebennnens o I oO Fig. 2—11 right 
and Fig. 1—5 
ce. Mo cabeiGention ....ccccccccccs 14 15  csdiceete 
Number of persons............ 67 67 Se  gensreareen 
Number of cartilages.......... 67 67 Re ssi 
Total persons ...... 177 
Total cartilages ..... 354 
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special mixed group in which the Colored predominated. The sexes 
were tabulated separately. 

The relationship to disease was not an issue in this investigation, 
since pathological cases were excluded. Whether the frequency with 
which lues occurs among the Colored may be a factor in producing 
calcification earlier than among the Whites is an open question. Frank 
Riebel has suggested such a possibility.* 

Roentgenograms of the first costal cartilage taken at regular inter- 
vals would permit us to follow up the progress of calcification with in- 
creasing age, but at present we do not possess records of the same 
person covering long periods of time. Therefore, I had to compare 
the findings on groups of individuals of different ages. Calcification 
of the first costal cartilage does not seem to begin under eleven years of 
age, except in extremely rare instances. We do not know anything 
about hereditary influences. As a curiosity I cite the case of a Negress, 
62 years of age, with medium calcification, while her daughter, 29 
years of age, showed maximum calcification. In the case of a pair of 
female Colored twins, 18 years of age, one girl showed minimal, the 
other no calcification. 

Only dorsoventral Roentgenograms were used for this study.’ 
All films were taken by the same technique, namely, the one customary 
at the Tuberculosis Clinics of the Board of Health, in other words, 
we are dealing with standard lung pictures. The sources of our mate- 
rial are: Dr. Ernst P. Boas, who permitted the use of films obtained 
from about 200 private patients; the Tuberculosis Clinics of the Board 
of Health at the Harlem Hospital (Chief: Dr. John A. Heitlinger) and 
the Mott Haven Clinic (Chief: Dr. H. T. Pessar), and, finally, the 
Roentgenographic Department of the Harlem Hospital (Chief: Dr. 
William Snow), all in New York City. Miss Mary Lloyd, Miss 
Christine McGrath, and Miss Bertha Sigales of the Social Service 
Department at the Harlem Hospital have furnished the data on all the 
Colored persons. Dr. Jacob Goldberg of the New York Tuberculosis and 
Health Association, Dr. D. C. Martin of the Board of Health and the 
administration of the Harlem Hospital made the work possible by giving 
access to the records. The tabulations were made by Miss Bertha 
Cohen. 


‘Frank Riebel. Ossification of the Costal Cartilages. American Journal for 
Roentgenology and Radium Therapy, January, 1929, XXI, 44. 
*On account of the transfer right and left are reversed on Plates I and II. 
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I take this occasion to thank the above mentioned for their co- 
operation. 

Of the persons entered into the list of the white population, 2,000 
are food handlers. The majority of all the cases are persons who 
frequent clinics. The social status of both sexes is equal for each racial 
group; however, the Colored constitute a poorer class than the Whites. 

All the figures were arranged in a chronological order covering five 
year periods. 

In order to express the rhythm of calcification during the advance of 
life numerically, I have arbitrarily chosen symbolic equivalents, namely, 
“Zero” if no calcification was present, “Thirty” for minimal calcifi- 
cation, “Sixty” for medium, and “Ninety” for marked or maximum 
calcification. These symbols were used as values for the percentile 


TABLE 2a 
Calcification of First Rib—White Males 





ABSOLUTE NUMBERS AND 
PER CENT CALCIFICATION 


60 





6 to 10 yrs. 54 100.0 

Bot... @ Gay 

16 to 20.... 83 41.7 
22 8.9 

26 to 30.... o o 

31 to 35.... 0 

36 to 40.... 0.4 

41 to 45.... 

46 to 50.... 

51 to 55.... 

56 to 60.... 

61 to 65.... 


21 to 25.... 


0 


66 to 70.... 


71 and over 





1,758 total cases. 
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frequencies of absent, minimal, medium and maximum calcification 
respectively. Treating in this manner the values of the four degrees 
of calcification, average values for each age group were determined. 
It would seem that the value 30 for minimal calcification is too high, 
because the difference between “minimal” and “medium” seems greater 
than that between “non” and “minimal,” but an arbitrary lowering 
of the value 30 for “minimal” to 20 would not materially change the 
results. The other approximations, 60 for “medium” and go for 
“maximum” calcification are well balanced. The “maximal” group was 
not called 100, because it contains cases in which the calcification was 
not quite complete. 

Table 1 and Plate I are devoted to the morphology of beginning cal- 
cification in the first costal cartilage. Of the eleven forms of early 


TABLE 2b 
Calcification of First Rib—White Females 





ABSOLUTE NUMBERS AND AVERAGE 


PER CENT CALCIFICATION TOTAL PERCENT 
CASES’ CALCIFI- 
60 


CATION 





6 to 

st 2 ie | eattg 6.9 
16 to 20.... 4 ae ee 14.1 
at to 25.... pet gta ¢ 28.0 
26 to 30.... ; o 39.7 
tn 4... " 4.3 48.4 
36 to 40.... ’ . " 3.4 51.7 
3 ee ae oe " 12.2 57.2 
ee ; 17.3 63.0 
<8 Ae ee : 25.7 64.3 
Tce | as. was wal aa 23.1 66.9 
2 eee ee ews 42.9 7 72.9 
SOO te ihe aes ne “Wee 100.0 3 90.0 


of. sare eee lees 100.0 I 90.0 





1,290 total cases. 








CALCIFICATION OF COSTAL CARTILAGE 551 


calcification the most frequent one is a circle delineating (Fig. 2— 
Pl. Ia) the anterior aspect of the rib. The oval together with a 
horizontal spur or line extending from the lower border of the rib 
along the cartilage towards the sternum takes the second place in 
frequency (Pl. Ib). Ina series of 177 individuals symmetric calcifica- 
tion occurred decidedly more often than asymmetric. 


INCREASE IN CALCIFICATION WITH AGE 


Table 2 demonstrates the calcification as found among 3,048 White 
persons (1,758 males and 1,290 females). As in all other tables the 
first column contains the cases without any calcification; the second 
those with minimal, the third with medium, the fourth with maximum 
calcification. As mentioned before, each figure embraces one quin- 
quennium. The last column represents the increase of an average per- 
centage of calcification with the increase of age. There is a striking 
difference between the sexes: the men begin at 16 years of age showing 
more intense calcification than the females, and this quantitative differ- 
ence continues until the sixty-sixth year when both sexes have reached 
the maximum calcification. Before the fifteenth year of age there does 
not seem to be any difference between males and females. At about 
twenty years of age both sexes undergo their most rapid increase in 
average calcification. At about 40 years of age the tempo of increase 
slows down. Each following decennium displays a diminution in the 
speed of calcification. 

It is due to the nature of the phenomenon, that the variability of the 
degree of calcification is greatest during the middle period of the process 
when all forms may occur in the same age group. 

Ernst as well as some of his predecessors whom he mentions in his 
well-rounded bibliography, found also the costal cartilages of men to 
calcify more rapidly than those of women. However, his material is 
not comparable with mine because I have eliminated disease. Further- 
more, Ernst made a general estimate of all the costal cartilages, whereas 
I have restricted myself to that costal cartilage which may be seen on 
the film with greatest clearness. Moreover, he did not consider the 
fact, pointed out by Hrdlicka,® that the mode of calcification of the first 


*Ales Hrdlitka, Repr. from Proceedings of the Association of American 
Anatomists, Fourteenth Session, December, 1900. Contribution to Osteology, 
New York. 
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TABLE 3a 


Calcification of First Rib 
Male Mixed Population Containing 70 Per Cent Colored and 
30 Per Cent White Persons—(The Whites are Mainly Porto Ricans) 





ABSOLUTE NUMBERS AND AVERAGE 


PER CENT CALCIFICATION PER CENT 
CALCIFI- 
60 


CATION 





10 yrs. 53 100.0 
86.8 
rn 45.5 
sks 6.7 
oO 
o 


1.5 


46 to 50.... 


Ose | ae aa ok) ee y 85.9 
MN Mcc o5 eas ke aes 82.9 


ee ia ame 90.0 


SPereeiaks ss ‘saa oa eee 90.0 
gt and over... ... a ae ‘ 83.3 





490 total cases. 
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TABLE 3b 


Calcification of First Rib. 
Female Mixed Population Containing 70 Per Cent Colored and 
30 Per Cent White Persons—(The Whites are Mainly Porto Ricans) 





ABSOLUTE NUMBERS AND 
PER CENT CALCIFICATION 


30 60 





6 to 10 yrs. 
SE WH Bice 
16 to 20.... 
21 to 25.... 
26 to 30... 
31 to 35.... 
36 to 40.... 
|) > eee . 7 71.7 
Sees si aes a ie 70.6 
SO ee nip tan 73.6 
ee ‘iat sorta ‘ 85.0 
Ss oer Gee utes 85.7 
| a er sa eee . 75.0 
gt end over 4. lose neil 86.3 





484 total cases. 
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TABLE 4a 


Calcification of First Rib—Colored Males 





ABSOLUTE NUMBERS AND AVERAGE 
PER CENT CALCIFICATION PER CENT 
CALCIFI- 

30 60 


CATION 





75.0 
ks Sak eee ae) eee et eke 90.0 


a ce. chee ea wie 90.0 





413 total cases. 
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TABLE 4b 
Calcification of First Rib—Colored Females 





ABSOLUTE NUMBERS AND AVERAGE 


PER CENT CALCIFICATION PER CENT 
CALCIFI- 


CATION 





44.7 

55-1 

63.6 

73-2 

72.0 

76.5 

81.7 

Ciiccs se “ni — «a J ’ 82.5 
CPW Pisce os aes eo ales co eee 90.0 


ff 2. sae ee a a mee 90.0 





663 total cases. 
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rib might take a different morphological course than that in the lower 
cartilages. 

Table 3 contains the figures of a mixed population, the Colored 
constituting about 70 per cent of the entire series, the other 30 per cent 
being mainly Porto Ricans apparently White but probably with some 
Negro admixture (490 males and 484 females). This table shows 
practically the same values as Table 4 which embraces a separate group 
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of 1,076 Negroes (413 males and 663 females). The Colored indi- 
viduals of these two tables are not identical. 

Analogous to the Whites the male Negro shows more calcification 
than the Negress of equal age. The cartilages of Negroes of both sexes 
calcify more rapidly than those of the Whites. This is apparent even 
in adolescence and holds true for all the age groups. Despite this quan- 
titative racial difference the most rapid increase of average calcification 
occurs among Negroes around the twentieth year as among Whites. 
Figure 3 shows graphically the rhythm of average calcification with the 
increase of age. The data on the mixed population were omitted in the 
figure since they coincide with the curves obtained from the Negroes. 

The cause of the differences in amount of calcification in the two 
racial groups remains an open question. The same pertains to the 
factor responsible for the more rapid calcification among the males. 
It belongs to the realm of conjecture whether the more active thoracic 
breathing of the female is directly or indirectly linked with a lesser 
degree of calcification of the costal cartilage. Nor are we prepared 
to say whether the poorer economic condition of the Colored may have 
something to do with a more pronounced calcification. 


SUMMARY 


Thoracic roentgenograms of 5,098 healthy individuals were studied 
with the object of determining the increase of calcification in the first 
costal cartilage with the progress of years. Two racial groups were 
studied: Whites and Negroes. Among both calcification of the first 
costal cartilage does not start before the eleventh year of age, as a rule. 
Among both calcification proceeds from the rib toward the sternum. 
There are hardly any differences noticeable between males and females 
in each racial group before the fifteenth year of age. At about sixteen 
years of age males of both racial groups begin to show more intensive 
calcification than females, and this quantitative difference continues 
until the sixty-sixth year when both sexes approach the final stage of 
calcification. In both racial groups men as well as women show the 
most rapid increase of average calcification at about their twentieth year. 
After the fortieth year the tempo of the calcification of the first costal 
cartilage slows down considerably. 

In Negroes the costal cartilage of both sexes calcifies more rapidly 
than in the corresponding age groups of the Whites. This difference 
is apparent already in adolescence and holds true for the entire life 


span. 
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NOTES 


NOMOGRAM FOR RAPID COMPUTATION OF 
THE FREQUENCY OF THE BLOOD GROUP- 
ING GENES IN POPULATIONS 





| genes r, p, and q from the percentages of the blood groups 
| O: A, B, and AB given by the numerous authors for 


stacked somographic or alignment chart useful in avoiding arithmetic 
labors. The manner of using it may be understood from the following 
description. 

The chart is read by means of a ruler, or stretched thread, between 
the index lines. A very convenient instrument is a piece of transparent 


celluloid, such as X-ray film, which has had a scratch ruled on it and 
filled with India ink. On the left of the chart will be found the scale 
for group O, and on the right the scale for group A. Suppose group O 
is 45 per cent, and group A is 42 per cent. Set the ruler across the 
indices in such a way that it crosses the O scale (on the left side 
of the left-hand scale) at 0.45 and the A scale (right-hand scale of the 
chart) at 0.42. Then the value of p (the gene for A) is read off on 
the right-hand part of the curved scale as 0.26. The value of r (the 
gene for O) is read off at the same time directly opposite the value of 
O, on the right-hand part of the left-hand scale, since O =r’. In this 
case r= 0.67. Since p+ q-+7r=1, the value of g (the gene for B) 
is equal to the sum of p and r subtracted from 1. On the left-hand part 
of the curved scale are given the figures corresponding to 1— p. By 
mentally subtracting the value of r just found on the left-hand scale 
one obtains at once the value of g. In this case g = 0.74 — .67 = .07. 
Thus the values of all three genes can be read off by a single setting on 
the chart. 

Since the equation B = q? + 2gqr is of the same form exactly as the 
equation A = p? + 2pr, which the nomogram solves, it is obvious that 





NOMOGRAM FOR THE COMPUTATION OF FREQUENCIES OF BLOOD- 
GROUPING GENES. 


the value of q, instead of p, may be read off directly on the curved scale 
if the setting on the right-hand scale is made to the observed frequency 
of group B, instead of group A. This gives q directly, but requires one 
more setting. If the population is in equilibrium and the observed 
values are accurate, this result will be the same as that obtained above 
by subtraction. The difference is seldom great, since the above opera- 
tion is equivalent to solving for p by the equation p = V O + A—\/O. 
Wiener (8) has shown that the value of p thus obtained, plus r = \/O, 
added to a value of gq obtained from the analogous equation qg = 
VO+B—VO, gives a result only slightly different from 1, for 
most populations. It would seem desirable to set on the right-hand 
scale to the observed value of A or B, according to which is larger (and 
therefore somewhat more accurate), and obtain the value of the other 
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gene, q or p respectively, by subtraction. The results for some repre- 
sentative populations are illustrated below. 


White Americans (New York) (7). O= 45.6, A= 36.4, B= 13.5, 
AB = 4.5 per cent. From chart r= 0.68, p= .22, g=.10. Cal- 
culated (from Wiener’s equations), r, ~, q respectively = 0.676, 
.229, .094. 


Buriats (5). O, A, B, AB respectively = 33.3, 20.9, 37.5, 8.3. From 
chart r, p, g = 0.58, .16, .26; calculated = .577, .159, .264. 


American Indians (6). O, A, B, AB= 70.8, 28.6, .4, .2. From 
chart r, ~, g = 0.84, .15, .01; calculated = 0.839, .157, .006. 


It is believed that there is no longer any doubt that the Bern- 
stein (1) hypothesis of blood group inheritance, used here, conforms 
with the known observations better than any other hypothesis (4, 8). 
It is also thought that the present chart is rather more convenient to use 
than the complicated graph of Fischer (2), also based on the Bernstein 
hypothesis, where interpolation was between curves, and thus less 
accurate. This graph was printed in a journal which is unfortunately 
not readily accessible to many American readers. 

It remains to be pointed out that the chart could be used for any data 
for the case of three allelomorphs where two -factors are dominant 
over a third, but not over each other. A little consideration will show 
that even if the third factor, say X,, is dominant over the second, X,, 
as well as the first, X,, the chart could still be applied by using data on 
the classes lacking X;. 

Since the M and N factors of Landsteiner and Levine are inherited 
as a series of two allelomorphs, neither dominant, the frequency of the 
genes m and mn can be obtained directly by a slide rule, since m= 
V M+ N—, etc., but of course the O, r, scale could be used. 

The author wishes to express his best thanks to Mr. A. B. Guise, 
who drew and lettered the chart. 
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THE VARIANCE OF A GROUPED FREQUENCY 
DISTRIBUTION WHEN THE MEAN OF EACH 
CLASS IS TAKEN AS CENTERING POINT? 


= N CALCULATING the moments of a grouped frequency 

i distribution the usual procedure is to assume that the fre- 

| quency in each class is concentrated at the midpoint of the 

} class. This assumption introduces certain errors, to correct 

for which Sheppard? derived his well-known formulae. Sometimes 

in an endeavor to come closer to the moments which would be obtained 

from the original ungrouped observations the mean of each class is 

calculated and the frequency in the class treated as though it were 

concentrated at the mean. This procedure of course gives the same 

mean for the distribution as would be obtained from the ungrouped 

observations but it is apparently often overlooked that the variance 

and standard deviation are in general less than those calculated from 
the ungrouped observations. This may easily be proved as follows: 


*From the Department of Biology of the School of Hygiene and Public Health 
of the Johns Hopkins University. 

* Sheppard, W. F. On the calculation of the most probable values of frequency 
constants, for data arranged according to equidistant divisions of a scale. Proc. 
London Math. Soc., Vol. 29, p. 353 et seq. 

Id. The calculation of moments of a frequency distribution. Biometrika, Vol. 


5, PP. 450-459, 1906-07. 
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In the ith class let there be yj, observations having the value Xj, 
yi2 Observations having the value Xj2, and so on to Yin, observations 
having the value X in,- Let +, — Xi, — M, where M is the mean of 
the whole distribution. 

Then (247. — #79)? = xt, — 247%, x7 + a2*y D> 0, since the square 
of a real number cannot be negative. 

Adding 4x*, +*, to both sides of the inequality, 

RA 20% y x2 + tg = (2% +2470)? D> 4 74 
Taking the square root of both sides, 
iy + 47g DS 2% Xa 

Therefore 

Vn 27 + ie eat... +97 in, Pin, + Vir Vig (47. + 72) +... + 

Yim, —1) Yin, (274¢n,—1) + 47m) 2 Wa 47? + ie Rat... + 

yim, Hin + 29a Via Xia Veet. - + 2m —1) Vin, Fi(m,—1) ¥ing 
Therefore 

(va + Ya +... + Ying) (yin 74 + Vio te +... + Yin, Pin DZ 

(a Xa + Via tig +... + Yin, Xin,)* 

But yar 411 + Ying Hig +... + Yin, Xin, = (va + vig + ... +Yin,) Mi, 
where m; is the mean of the ith class. Therefore 

(Yar 4741 + Via Fg + we. H Yin, # in )Z>(Ma + Yi2 + --- + Ving) 


If there are ¢ classes 
t t 

J, (vara + Vint 0 oe Vin Xin, ) 2 (va + Wa +..-+ Ving); 
$= ‘= 

> 








t t 
PA (ya + Ye +... + Yin) a (Va + vig +...+ Yin,) 


But the left side of this inequality is the variance calculated from the 
ungrouped observations, while the right side is the variance calculated 
on the assumption that the frequency in each class is concentrated at 
the mean of the class. The two variances are equal only in the case 
where all the observations in the ith class (i = I, 2,.. . . ¢) have the 
same value. 
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As an arithmetical illustration I took the greatest length from 
glabella to occiput (L) of the first 25 male skulls given in the folding 
tables at the end of Macdonell’s * study of the Whitechapel crania. The 
mean of the ungrouped observations is 189.28 mm. and the standard 
deviation 5.36 mm. I then grouped the observations into six classes of 
5 mm. interval. As would be expected for cranial measurements the 
distribution is approximately symmetrical with high contact at both 
ends. When the centering point is taken at the midpoint of each class 
the mean is 189.60 mm. and the standard deviation without Sheppard’s 
correction is 5.68 mm. With Sheppard’s correction the standard devia- 
tion is 5.49 mm. When the centering point is taken at the mean of each 
class the mean of the distribution is of course the same as that of the 
ungrouped observations and the standard deviation is 5.31 mm., or less 
than the standard deviation from the ungrouped observations. 


Joun R. MINER 
*Macdonell, W. R. A study of the variation and correlation of the human 


skull, with special reference to English crania. Biometrika, Vol. 3, pp. 191-244, 
1904. 
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